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ABSTRACT

Substrate disturbance by wild pigs (Sus scrofa L.), mainly wild pig rooting, was
evaluated bi-monthly over three years in fixed 1,000 m2 plots at Congaree National Park,
South Carolina, USA. The study compared hog substrate disturbance among four
habitats: three mature wetland floodplain forest types (mixed bottomland hardwoods,
cypress-tupelo swamp, seepage floodplain forest), and successional upland pine
flatwoods adjacent to the floodplain (including former pine plantation). New disturbance
included fresh signs of hog substrate disturbance. Total disturbance included both new
and older hog disturbance still visible on the landscape (equivalent to all disturbance that
would be recorded under less frequent sampling). Hog disturbance, across all years, was
more abundant in cypress-tupelo (10% new disturbance; 19% total disturbance)
compared to bottomland hardwoods (4% new disturbance; 9% total disturbance) and
seepage forest (2% new disturbance; 9% total disturbance); all floodplain forests had
greater disturbance than pine flatwoods (<1% new disturbance; 1% total disturbance).
Differences in hog disturbance may have been related to greater food resources, water,
soil wetness, and temperature moderation on the floodplain and in cypress-tupelo.
Drought over the first two years of the study likely intensified hog activity on the
floodplain and in cypress-tupelo. During the peak drought year, hog disturbance was even
greater for cypress-tupelo (17% new disturbance; 29% total disturbance) versus the other
floodplain forests (2-5% new disturbance; 9-11% total disturbance). In peak drought
months (severe to extreme drought), hog disturbance in cypress-tupelo reached mean
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values of 38-42% for total disturbance. The wettest areas within cypress-tupelo, such as
slough bottoms and the banks of small creeks were typically 80-100% rooted. Other
expected annual or seasonal influences were not observed, such as shifts in disturbance
location or intensity during flooding or mast fall. The latter may have been due to the
absence of major mast events, perhaps also related to drought. The persistence of hog
disturbance was greatest in seepage forest (17 months versus 3-4 months elsewhere). This
was attributed to muck soils and greater rooting depth in seepage forest, versus loamy
soils and shallower rooting elsewhere. It is possible that hog rooting in seepage forest
results in topographic and geomorphic changes not observed elsewhere. Rooting
coverage, depth, and persistence are therefore important factors, operating to different
degrees in different habitats. A geographic trend in hog disturbance was observed,
increasing along a NW-SE gradient across the park and within habitat type, potentially
related to human activity, elevation, water/moisture, proximity to the Congaree River,
and the frequency/magnitude of flooding. This finding may share commonalities with
observed habitat differences, given the prolonged drought conditions.

Concurrent with the 1,000 m2 plot study, ground cover and understory vegetation were
examined using 0.25 m2 quadrats. In the absence of recent rooting, floodplain habitats
had higher vegetation cover (30-43%), lower leaf litter cover (57-69%), and greater
species richness (5-8 species) compared to pine flatwoods (4% vegetation cover, 95%
leaf litter cover, 3 species). In recently rooted areas, vegetation (1-14%) and leaf litter
(30-57%) cover were lower than in areas without recent rooting, and were similar among
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habitats, with high bare soil cover (42-54% vs. 0% without recent rooting). Species
richness was still greater for the floodplain (4-8 species) versus flatwoods (2 species)
with recent rooting. Low herbaceous cover values in pine flatwoods were attributed to
former agricultural and pine plantation management and lack of fire, likely influencing
the minimal hog disturbance levels observed in pine flatwoods. Herbaceous cover values
in bottomland hardwoods (36%) and cypress-tupelo (30%) were higher than expected,
especially for cypress-tupelo, which typically has little understory. Herbaceous cover on
the floodplain may have been related to a combination of drought, draw down, forest tent
caterpillar canopy defoliation, long-term pig rooting, and Hurricane Hugo. Recently
rooted areas had greater association with coarse woody debris (CWD) (29% incidence)
than areas without recent rooting (8%). Pig rooting in and around downed logs and snags
likely relates to microhabitat selection and potential food/prey resources. Bottomland
hardwoods, unexpectedly, did not have overall greater plant species richness or diversity
than cypress-tupelo. Also unexpectedly, recently rooted areas were not generally less
diverse than areas without recent rooting. Within habitat, recently rooted bottomland
hardwoods had lower species richness and diversity than areas without recent rooting;
however, recently rooted cypress-tupelo had greater species richness and similar
diversity, and seepage forest had greater diversity, than areas without recent rooting.
Seepage forest with recent rooting had the most diverse understory among all
combinations of habitat and rooting. Pig rooting may act as a periodic disturbance,
contributing to species richness and diversity in some habitats. Within seepage forest,
these results might also relate to microhabitat selection by pigs for small wet depressions
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with more abundant and diverse herbaceous cover. If pig rooting creates, enhances, or
maintains depressions in seepage forest, pigs may both influence the understory
vegetation and respond to it as well. Habitat had a stronger influence on understory
species composition than recent rooting. This may be due to differences in hydrology,
landforms, and soils; as well as long-term pig rooting, which likely influences the entire
floodplain over time. Within habitat, differences in species composition for areas with
and without recent rooting were limited to seepage forest (with possible microhabitat
selection by pigs). Recent rooting may also have a homogenizing effect on the
understory, lessening cross-habitat differences. In bottomland hardwoods, pig rooting,
forest maturity, closed canopy, and low seed production may limit seedling recruitment,
though this could not be evaluated due to a lack of seedlings throughout the study. In
cypress-tupelo, dry downs are required for recruitment of bald cypress and water tupelo,
as seeds from these species will not germinate when flooded. Despite long-term drought
and dry down, seedlings were not recorded in the plots or quadrats over a three-year
period. Similar to documentation that pigs reduce longleaf pine regeneration, and
concerns that rooting may limit bottomland hardwood regeneration, rooting in cypresstupelo could potentially limit bald cypress and water tupelo recruitment, although the
evidence for this is circumstantial.

Key Words: wild pig, feral hog, Sus scrofa, wetland, floodplain, bottomland hardwoods,
cypress-tupelo swamp, seepage forest, pine flatwoods, pine plantation, disturbance,
ground cover, understory vegetation, drought, Congaree National Park, old-growth forest.
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Dedicated first to Lori and Zach.

Also dedicated with admiration to the founders, personnel, and friends of Congaree
National Park and the U.S. National Park Service.
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QUOTATIONS

“I been down to de Congaree in de big swamps, where de trees is tall an’ de moss long
an’ gray, where de Bullace grow, an’ where I hear de tune of de bird in de mornin’; down
wey de wild turkey gobbles, way down on de Congaree; wey God’s mornin’ leads to de
devil’s night; down on de river, where night make her sign, where owls on a dead limb
talks of de dead, talks wid de dead and laughs like de dead, way down in de big swamps
of de Congaree; down where de blunt-tailed moccasin crawls in de grass, where de air is
stink wid he smell; where de water is green, where de worms is spewed out of de groun’,
where de groun’ is mud, where de trees sweat like a man; down in de home of de varmint
an’ bugs, down in de slick yallow mud, de black mud an’ de brown, way down in de big
swamps of de Congaree; down in de land of pizen, where de yallow-fly sting, in de home
of de fever an’ wey death is de king. Dat wey I been, down in de big swamps. Down in
de land of mosquito, way down in de big swamps, down on de Congaree.”

From Congaree Sketches, Adams (1927), in Tales of the
Congaree, Adams and O’Meally (1987)
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QUOTATIONS

“...He (De Soto)…took more than three hundred head (of free-ranging pigs), male
and female (to La Florida), which multiplied greatly and were
exceedingly useful…in this discovery.”

“This day they lost many pigs…which the (river) current carried off.”

“So that they would remember them, the governor (De Soto) gave them (friendly
indigenous leaders)…two swine, male and female, for breeding.”

“…It is probable that, in consideration of the advantages that great kingdom has for
breeding them, there are many of them there today (free-ranging pigs),
for besides those the governor gave to the friendly curacas,
many others were lost along the roads…”

From original accounts of The De Soto Expedition, on the upper coastal plain of
South Carolina in 1540, in The De Soto Chronicles, Clayton et al. (1993)
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CHAPTER 1

WILD PIGS AT CONGAREE NATIONAL PARK: INTRODUCTION

Introduction

Congaree National Park (Congaree Swamp), located on the upper coastal plain of South
Carolina in Lower Richland County, near the City of Columbia (Figure 1-1), is
characterized by southern mixed bottomland hardwood forest occurring on the Congaree
River floodplain. The Congaree River is considered a major alluvial river and is part of
the upper Santee River system. The park also contains smaller blackwater streams,
including Cedar Creek and Tom’s Creek, which are tributaries to the Congaree River.
The park encompassed roughly 8,984 hectares (22,200 acres) at the time of this study.
Mixed bottomland hardwood stands and other wetland floodplain forest types at the park
are primarily mature forest, including roughly 4,047 hectares (10,000 acres) of “oldgrowth” forest (Thompson 1998, Cely 2001). The park also contains other floodplainassociated wetland and upland forest types (Thompson 1998, TNC 2000), rare and
imperiled species and vegetation assemblages (TNC 2000, Gaddy et al. 2000), federally
designated wilderness, many state and national champion trees (Gaddy 1977, Jones
1997), and historic earthen-work floodplain structures, including “cattle mounds”
(Wharton et al. 1982, NPS 1988a). The park supports moderate, increasing, visitor use
that includes a number of outdoor recreational, educational, and research activities.
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Recreational hunting is not conducted within the park; however, lands surrounding the
park include private hunting clubs and commercial timberlands with recreational hunting
leases.

It is assumed that non-native wild pigs (Sus scrofa L.) have been present in Congaree
Swamp for hundreds of years, perhaps nearly 500 years, corresponding to the presence of
Spanish explorers in the study area and region in the 1500s (Hanson and Karstad 1959,
Wood and Brenneman 1977, Mayer and Brisbin 1991). The De Soto Expedition, which
included hundreds of free-ranging pigs, traveled through and camped along the
contiguous Congaree River and Wateree River floodplains near Columbia and Camden,
South Carolina in 1540 (Clayton et al. 1993). Many of these free-ranging pigs were lost
along the trails and at river crossings, while others were given away to friendly
indigenous leaders or lost during battles with indigenous peoples (Clayton et al. 1993).
Wild pigs at Congaree Swamp are currently thought to be a mix of feral animals
originating from domestic stock released or escaped to floodplain forests of the Congaree
River and hybrids of European wild boar and feral animal crosses introduced by various
hunt clubs and adjacent land owners, with the hybrid wild boar – feral pig phenotype
being prevalent (Mayer and Brisbin 1991).

Wild pig populations and associated ecological impacts in the National Parks have been a
documented or suspected problem for some time (Wood and Barrett 1979, Singer 1981,
Wright 1992, Wagner et al. 1995). Park resource management staff, numerous
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researchers, and several environmental and conservation organizations have been
concerned about the potential ecological impacts of wild pigs at Congaree Swamp for
many years, particularly in relation to substrate disturbance and potential vegetation
impacts caused by pig rooting and wallowing (NPS 1988a, Nix and Barry 1992, Gaddy et
al. 2000, NPS personal communication, Friends of Congaree Swamp newsletters and
personal communication, R. Sharitz and B. Allen personal communication). Wild pig
management has not been conducted within the park for decades, but is currently being
considered by the National Park Service.

This study was designed to quantify wild pig substrate disturbance levels and patterns at
Congaree National Park using field sign (rooting, wallowing, etc.), with a particular focus
on comparisons of hog disturbance among and within four major habitat types, and
among seasons and years, to gain a better understanding of wild pig habitat use and the
degree of substrate disturbance within the park (Chapter 2). Substrate disturbance by wild
pigs is defined here as the removal or gross manipulation of vegetation, leaf litter, woody
debris, and soils on the forest floor as a result of wild pig behaviors such as rooting and
wallowing, typically resulting in uprooted or trampled vegetation, turning over of the leaf
litter and soil surface, exposed soils, and the creation of substrate depressions and low
mounds. This component of the investigation (Chapter 2) included periodic quantification
of wild pig substrate disturbance (mainly rooting) in large forest plots over three years,
with a main hypothesis that hog disturbance would differ among and within habitat types
based on factors such as food resources, hydrology, landforms, soils, and seasonality. In
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addition, there was a related interest in examining the potential influence of wild pig
rooting on ground cover characteristics and understory vegetation among and within the
same habitat types (Chapter 3). This component of the study included the use of 0.25 m2
quadrats to compare ground cover and understory vegetation parameters among and
within habitat types both with and without recent rooting disturbance, with a main
hypothesis that ground cover and vegetation parameters would vary both by habitat type
and with recent rooting. Finally, a wider consideration of wild pig influences and impacts
on Congaree National Park and the southeastern floodplain and pine flatwoods
ecosystem, management considerations for the park, and ideas for further investigation,
all stemming from this study, are summarized in Chapter 4.

Habitat Types

The four major habitat types examined during this study were: mixed bottomland
hardwood forest, cypress-tupelo swamp, seepage floodplain forest, and upland pine
flatwoods (including former pine plantation). The first three habitat types are distinct
forested wetland habitat types occurring on the Congaree River floodplain. Upland
(mesic) pine flatwoods occur above the floodplain and associated bluff, adjacent to the
floodplain. Descriptions of the four habitat types are provided below, adapted from
Thompson (1998), TNC (2000), Gaddy and Brooks (2000), and Gaddy et al. (2000).
Several other forest types occur in the park, which were not examined as a part of this
study. Their descriptions can be found in the above references.
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Mixed Bottomland Hardwoods

Mixed bottomland hardwood forest (BLH) is the predominant habitat type at Congaree
National Park, covering most of the floodplain in large continuous stands that are
temporarily flooded on an annual basis by floodwaters from the Congaree River. Soils in
this habitat type include somewhat poorly drained to moderately well-drained silty clay
loam and loam soils on alluvial flats. Large downed trees and snags (coarse woody
debris), as well as tip-up mounds and pits are common. The bottomland hardwood forest
includes mature canopy, subcanopy, shrub, vine, and herbaceous vegetation strata.

The canopy is dominated by combinations of sweetgum (Liquidambar styraciflua L.),
green ash (Fraxinus pennsylvanica Marsh.), sugarberry (Celtis laevigata Willd.), laurel
oak (Quercus laurifolia Michx.), red maple (Acer rubrum L.), American holly (Ilex
opaca Aiton), and American elm (Ulmus americana L.). Other common canopy species
include water hickory (Carya aquatica [Michx. f.] Nutt.), swamp chestnut oak (Quercus
michauxii Nutt.), American sycamore (Platanus occidentalis L.), overcup oak (Quercus
lyrata Walter), cherrybark oak (Quercus pagoda Raf.), willow oak (Quercus phellos L.),
and various other species. The subcanopy is dominated by American hornbeam
(Carpinus caroliniana Walter), possumhaw (Ilex decidua Walter), pawpaw (Asimina
triloba [L.] Dunal), and species from the canopy layer.
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The shrub layer is frequently dominated by giant cane (Arundinaria gigantea [Walter]
Muhl.). Pawpaw and dwarf palmetto (Sabal minor [Jacq.] Pers.) are also characteristic in
the shrub layer. The herbaceous layer includes several dominant to common species: hop
sedge (Carex lupulina Muhl. ex. Willd.), giant cane, smallspike false nettle (Boehmeria
cylindrica [L.] Sw.), Virginia dayflower (Commelina virginica L.), savannah-panicgrass
(Phanopyrum gymnocarpon [Elliot] Nash), lizard’s tail (Saururus cernuus L.),
butterweed (Packera glabellus [Poir] C. Jeffrey), aquatic milkweed (Asclepias perennis
Walter), and catchfly grass (Leersia lenticularis Michx.). Several vines are common,
including muscadine grape (Vitis rotundifolia Michx.), several greenbrier species (Smilax
L.), trumpet creeper (Campsis radicans Seem. ex Bureau), eastern poison ivy
(Toxicodendron radicans [L.] Kuntze), and Virginia creeper (Parthenocissus
quinquefolia [L.] Planch.).

Cypress-Tupelo Swamp

Cypress-tupelo swamp (CTS) at Congaree National Park is abundant in sloughs, old river
channels, along small blackwater creeks, around oxbow lakes, on low wet flats, and in
other low elevation areas where standing water is normally present much of the year or
year-round (semi-permanently to permanently flooded). Soils are primarily poorly
drained silty clay loam. Cypress-tupelo swamp occurs very frequently on the floodplain,
typically as narrow or elongated stands, but covers much less total area than mixed
bottomland hardwoods. This habitat type is characterized by a mature canopy, sparse to
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moderate subcanopy, and usually, minor to absent shrub and herbaceous layers. The
canopy layer is dominated by large bald cypress (Taxodium distichum [L.] Rich.) and
water tupelo (Nyssa aquatica L.). The subcanopy can be dominated by Carolina ash
(Fraxinus caroliniana Mill.) and red maple. The herbaceous layer is usually very sparse
and can include savannah-panicgrass, lizard’s tail, aquatic milkweed, Virginia dayflower,
and catchfly grass.

Seepage Floodplain Forest

Seepage floodplain forest (SFF) occurs in several distinct stands on the innermost
floodplain at Congaree National Park, where soils are saturated year round due to
groundwater seepage from the adjacent bluff, and where acidic and highly organic muck
soils predominate. Flooding from the Congaree River influences this habitat type
periodically, but more rarely than in mixed bottomland hardwoods. The conservation
status of the seepage floodplain forest has been classified by The Nature Conservancy /
NatureServe as globally imperiled (see Swamp Blackgum Floodplain Seepage Forest
community,

in

TNC

(2000)

and

on

the

NatureServe

Explorer

website,

http://www.natureserve.org/explorer/). This habitat type has well-developed canopy,
subcanopy, shrub, vine, and herbaceous layers. In some locations, herbaceous species can
be less abundant due to dominance by woody shrubs.
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The canopy layer is strongly dominated by swamp tupelo (Nyssa biflora Walter). Red
maple, American holly, and sweetgum are also common. Swamp chestnut oak, sweetbay
(Magnolia virginiana L.) and tuliptree (Liriodendron tulipifera L.) also occur in the
canopy layer. Scattered, very large, loblolly pine (Pinus taeda L.) can occur as canopy
emergents. The subcanopy has abundant American holly, red maple, swamp bay (Persea
palustris [Raf.] Sarg.), and sweetgum. The shrub layer is strongly dominated by coastal
doghobble (Leucothoe axillaris [Lam.] D. Dom). Vines including greenbrier, woodvamp
(Decumaria barbara L.), eastern poison ivy, and grape species (Vitis L.) are common.
The herbaceous layer is dominated by netted chainfern (Woodwardia areolata [L.] T.
Moore), prickly bog sedge (Carex atlantica L.H. Bailey), and brome-like sedge (Carex
bromoides Schkuhr ex Willd.). Smallspike false nettle, lizard’s tail, cinnamon fern
(Osmunda cinnamomea L.), regal fern (Osmunda regalis L.), greater marsh St. Johns
wort (Triadenum walteri [J.G. Gmel.] Gleason), and several other herbaceous species are
common. The globally imperiled and state-listed (South Carolina) Carolina birds-in-anest (Macbridea caroliniana [Walter] S.F. Blake) occurs in seepage forest. Sphagnum
moss (Sphagnum L.) is also abundant in this habitat type.

Upland Pine Flatwoods

Upland pine flatwoods (UPL) at Congaree National Park mainly consist of mesic,
successional, loblolly pine stands, typically in areas that were former agricultural fields
and/or pine plantations. Soils in this habitat type are sandy loam. Often, a thick pine straw
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and duff layer is present. This forest type dominates upland portions of the park above the
bluff and floodplain. The canopy is dominated by loblolly pine and can also include
sweetgum and water oak (Quercus nigra L.), with stronger dominance by loblolly pine in
former pine plantation areas. Sweetgum is often abundant in the subcanopy and southern
crab apple (Malus angustifolia [Aiton] Michx.) is also common in some areas. Loblolly
pine and sweetgum can be particularly dense in places. The herbaceous layer is minor to
absent, with disturbance associated species occurring when present. This habitat type
lacks a long-term history of periodic exposure to fire (or prescribed burning) that is
characteristic of natural pine flatwoods and stands managed for native groundcover,
wildlife use, and other ecosystem services. Signs of old drainage swales, ditches, and
bedding rows from former agricultural use and pine plantation management are present in
these areas.
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CHAPTER 2

WILD PIG HABITAT USE AND SUBSTRATE DISTURBANCE
AT CONGAREE NATIONAL PARK

Introduction

South Carolina has been an important nexus for wild pig (Sus scrofa L.) research
conducted in forested wetlands and pine flatwoods habitats on the southeastern coastal
plain. Studies have been centered primarily on the Savannah River Site (SRS) near
Aiken, South Carolina (Sweeney 1970, Kurz 1971, Kurz and Marchinton 1972, Brisbin et
al. 1977, Crouch 1983, Hughes 1985, Mayer and Brisbin 1991, Mayer et al. 2000, Mayer
et al. 2002, Gaines et al. 2005) and at Hobcaw Barony near Georgetown, South Carolina
(Wood et al. 1976, 1977; Wood and Brenneman 1977, 1980; Wood and Roark 1980;
Lipscomb 1989). More recently, studies at Congaree Swamp have contributed to this
body of work (Nix and Barry 1992, Friebel 2007, Weeks [in preparation], this study). The
majority of these prior studies examined wild pig habitat use based on trapping, radiotelemetry, food/gut content analysis, or basic field observations.

In contrast, previous studies in Great Smoky Mountains National Park in Tennessee and
North Carolina and the surrounding National Forests (another center of wild pig research
in the Southeast) used quantitative surveys and plot studies of field sign (rooting,
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wallowing) to examine wild pig habitat use and disturbance (Belden and Pelton 1975,
1976, Howe and Bratton 1976, Bratton et al. 1982). In addition, trapping and radiotelemetry (Singer et al. 1981) and food/gut content analysis (Henry and Conley 1972,
Howe et al. 1981) were also employed at Great Smoky Mountains National Park to
examine habitat use and other aspects of wild pig biology and ecology. Specific studies
of the influence of wild pig disturbance on vegetation, soils, leaf litter, woody debris, and
small terrestrial fauna, were also carried out in Great Smoky Mountains National Park
(Bratton 1974, 1975, Howe and Bratton 1976, Bratton et al. 1982, Lacki and Lancia
1983, 1986, Singer et al. 1984).

Due to long-standing National Park Service and other stake-holder concerns regarding
non-native wild pig impacts at Congaree National Park, particularly in relation to
substrate and potential vegetation impacts caused by wild pig rooting and wallowing
(prior chapter), and National Park Service consideration of possible future hog
management actions, documentation of the distribution and abundance of wild pig
disturbance at Congaree National Park was desired, using field sign monitoring methods
similar to those previously employed at Great Smoky Mountains National Park. This
study was designed to quantify wild pig disturbance levels and patterns at Congaree
National Park using field sign plots, with a particular focus on comparisons of
disturbance among and within various habitat types, and among seasons and years, to
gain a better understanding of wild pig habitat use and the degree of disturbance within
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the park. This work was followed by a complimentary trapping and radio-telemetry study
conducted in 2005-2006 (Friebel 2007).

The primary research goals of this study were the following:

1) Determine if the overall abundance of substrate disturbance (rooting, wallowing, etc.)
by wild pigs at Congaree Swamp differed among four major habitat types at the park:
mixed bottomland hardwood forest, cypress-tupelo swamp, seepage floodplain forest, and
upland pine flatwoods (including former pine plantation). The first three habitat types are
distinct forested wetland habitat types occurring on the Congaree River floodplain.
Upland (mesic) pine flatwoods occur above the floodplain and associated bluff, adjacent
to the floodplain.

The hypotheses associated with this question were: a) there would likely be differences in
habitat use and disturbance between the floodplain and the adjacent pine flatwoods, with
the wetland floodplain forest types, especially mixed bottomland hardwoods, having
greater disturbance levels overall, particularly outside major flooding periods and during
certain seasons when fruit and hard mast, such as acorns, as well as other food resources,
might be more abundant on the floodplain (Sweeney 1970, Kurz 1971, Kurz and
Marchinton 1972, Crouch 1983, Hughes 1985); and, b) there would possibly be
differences in habitat use and disturbance among the wetland forest types on the
floodplain (Kurz 1971, Kurz and Marchinton 1972, Crouch 1983, Hughes 1985; all based
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on habitat utilization using radio-telemetry), perhaps associated with recognized
differences in hydrology, soils, vegetation, and potential food resources.

The second sub-hypothesis included the thought that any differences among floodplain
habitats might include greater overall or seasonal levels of hog disturbance in mixed
bottomland hardwood forest compared to the other floodplain forest types, particularly
cypress-tupelo swamp (Kurz 1971, Kurz and Marchinton 1972, Hughes 1985). This was
due to the assumed greater productivity and diversity of wildlife food resources in mixed
bottomland hardwood forest (including the abundance and variety of fruits and hard mast;
the abundance and diversity of understory vegetation including herbaceous and
rhizomatous species; and the various plant, animal, and fungal food resources associated
with downed trees and snags, decomposing logs, woody debris, and leaf litter), as
compared to cypress-tupelo swamp. The relatively short-term seasonal (temporary)
flooding regime in mixed bottomland hardwoods, providing greater access and
availability to wild pigs, as opposed to the semi-permanently to permanently flooded
conditions in cypress-tupelo swamp, was also a major factor in forming this subhypothesis.

For comparisons with seepage floodplain forest, which has not been examined in any
previous studies, expectations were not concrete, but it was felt that the distinctly
different hydrologic conditions (perennial saturation by groundwater seepage from the
adjacent uplands, less frequent surface water flooding from the Congaree River), soils
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(organic muck versus silty clay loam and loam soils), distinct vegetation (including
understory dominance of woody evergreen shrubs), as well as the position of this habitat
on the floodplain (inner floodplain, further from the river, higher in elevation, closest to
the bluff and upland habitats) in this forest type compared to mixed bottomland
hardwoods and cypress-tupelo swamp, could potentially relate to differences in wild pig
habitat use and disturbance. The unique characteristics and reported imperiled
conservation status of seepage floodplain forest and associated plant species also
contributed to the interest in comparisons involving this habitat type, as has recent
conservation and wildlife damage interest in other types of seepage wetlands (e.g.,
seepage slopes, bogs, fens) in relation to wild pigs (Walker et al. 2001, Mize et al. 2005,
Engeman et al. 2007).

2) Determine if there were temporal differences or patterns in habitat use and substrate
disturbance by wild pigs among and within the four forest types, such as differences or
patterns related to major flood events, food resources (e.g., mast fall events), seasons
(month), year, or other unexpected temporal factors that might occur during the study.

The hypotheses associated with this question were: a) hog disturbance might be more
abundant in, or limited to, floodplain habitats during non-flooded conditions, and then
shift to the uplands during seasonal large-scale flooding events (Kurz and Marchinton
1972, Bowman and McDonough 1991); b) hog disturbance levels might shift back and
forth between habitats, or switch “on” and “off” within habitats in response to more
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frequent smaller-scale flooding events. Examples could include shifts in disturbance
levels between mixed bottomland hardwoods and cypress-tupelo swamp, or spikes in
disturbance within some habitats in relation to flooding and drying cycles; c) flooding
might remove or “erase” hog disturbance on the floodplain, perhaps representing a
greater scale and intensity of substrate and vegetation disturbance compared to hog
rooting; d) hog disturbance might be more abundant in certain months or seasons within
different habitat types, corresponding to the availability or abundance of different food
resources, such as potential seasonal peaks in fruit and hard mast in mixed bottomland
hardwood forest and perhaps shorter-term peaks associated with food resources in
adjacent pine uplands (Sweeney 1970, Kurz 1971, Kurz and Marchinton 1972, Crouch
1983, Hughes 1985). Somewhat similar seasonal shifts in location, habitat use, and
rooting and wallowing disturbance, although over much greater magnitudes of distance in
some cases, have been described for wild pigs in Great Smoky Mountains National Park
in relation to elevation, seasonal weather/climate (air temperature), forest type, food
resources, and farrowing activity (Belden and Pelton 1975, 1976, Howe and Bratton
1976, Singer et al. 1981, Bratton et al. 1982).

3) Determine if the persistence of substrate disturbance by wild pigs differed among
habitat types, which might be expected due to factors such as type of disturbance, soil
characteristics, hydrology, vegetation, etc. Persistence, defined as the amount of time that
disturbance is detectable on the landscape, is used here as a proxy for a component of
disturbance severity, in addition to disturbance abundance, discussed above. Disturbance
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persistence (and detectability) may relate to factors such as the type or depth of
disturbance (e.g., deep soil rooting vs. shallow rooting in leaf litter), soil characteristics
(muck vs. loam), the frequency and intensity of flooding, erosion and sedimentation,
vegetation re-growth, etc. The persistence of disturbance may be ecologically meaningful
in relation to potential changes in geomorphology, leaf litter, soils, and vegetation caused
by wild pig disturbance, including the degree of change in these factors. As an example,
the depth and volume of leaf litter and soil that is disturbed or displaced and the length of
time that the substrate is not covered by leaf litter and vegetation would both influence
disturbance persistence and have ecological implications. In addition, potential
differences in disturbance persistence among habitats may also be an important
consideration in the interpretation of monitoring data used in resource management
programs (e.g., rooting surveys used to determine relative degree of hog disturbance or
judge the efficacy of hog management activities).

The main hypothesis associated with this question was that disturbance persistence would
be greater in seepage forest as compared to the other floodplain forest types, due to the
muck soils (very low bulk density) and less frequent flooding from the Congaree River.

4) An additional hypothesis was developed through discussions with John Cely (South
Carolina Department of Natural Resources [SCDNR], personal communication) after the
onset of the field study. The hypothesis was that hog disturbance might increase on a
gradient moving northwest to southeast within the park (NW-SE gradient), related
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perhaps to distance from human activity (human use is concentrated in the northwest
portion of the park, near the visitor center and along active trails), elevation (elevation
decreases both north to south [bluff to river] and west to east [upstream to downstream]
on the floodplain), degree of wetness, proximity to the Congaree River, or some
combination of these and other related factors. Sampling locations within each habitat
type (see Methods), by chance, were aligned on a northwest to southeast gradient across
the study area, allowing examination of this idea, as well as examination of the potential
interaction of habitat type and the gradient.

Methods

Wild pig disturbance was sampled using fixed 50 m by 20 m rectangular forest plots
(1,000 m2). Plot locations were randomly selected from areas within 100 m of a variety of
access and field orientation features, including hiking trails, old logging grades, minor
woods roads (unpaved), the bluff line, creeks and guts (flood channels), oxbow lakes,
slough margins, Cedar Creek, and the Congaree River. A geographic information system
(GIS) with a random point creation application was used to generate the plot locations.
Plot locations were stratified among the four major habitat types examined: 1) mixed
bottomland hardwood forest (BLH), 2) cypress-tupelo swamp (CTS), 3) seepage
floodplain forest (SFF), and, 4) upland pine flatwoods (UPL, including former
agricultural areas and pine plantation) (Figure 2-1). Three plots were established in each
of the four habitat types for a total of 12 plots (Figure 2-1). During plot set-up, the point
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locations were navigated to and served as the point of origin for the 50-m centerline of
each plot. The set orientation (direction) of each plot was then determined by random
compass heading.

Forest types and their geographic distributions were identified during the plot location
selection process using a vegetation classification and GIS data layer developed jointly
by The Nature Conservancy (TNC 2000), the U.S. Geological Survey Biological
Resources Division, University of Georgia (Thompson 1998), Terra Incognita (Gaddy
and Brooks 2000), and Aerial Information Systems, Inc. (AIS 1998). Detailed
descriptions of the vegetation classification, mapping protocols, field methods, the GIS
data layer, and metadata are available on the USGS Vegetation Characterization Program
website at http://biology.usgs.gov/npsveg/cong/index.html. Descriptions of the four
habitat types investigated in this study are included in Chapter 1. Understory vegetation
by habitat type is addressed in detail in Chapter 3.

All plot locations on the floodplain fell outside of areas of known logging activity and
outside of major Hurricane Hugo (1989) damage areas (stand replacing blow downs),
according to AIS (1998), Cely (2001), and field observations. Therefore, all plots on the
floodplain were considered to be in mature to “old-growth” forest lacking signs of major
logging activity and wind damage. The more recently acquired “Georgia-Pacific Tract” in
the eastern-most portion of the park was excluded from this study because it comprises a
distinctly younger stand age (harvested in the 1980s and early-1990s, Cely 2001) and was
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not considered mature bottomland hardwood forest. Pine flatwoods plots were located in
successional areas that were formerly used for agriculture and pine plantation
management, including two plots that were in more recent former pine plantations.

Sampling of the 1,000 m2 plots was conducted every other month over three years
(September 2000 to July 2003). During sampling, hog-related substrate disturbance was
mapped within the forest plots using 1-m grid cells. Each grid cell was recorded as either:
1) new disturbance, 2) prior disturbance still visible, 3) prior disturbance not visible, 4)
undisturbed, or 5) flooded. For consistency, hog activity was recorded when at least 25%
of a 1-m cell was disturbed. New disturbance included only fresh or recent signs of hog
disturbance occurring since the prior sampling period. Prior disturbance included all
visible disturbance recorded during the most recent prior sampling period. During
sampling, prior disturbance areas were recorded as either “still visible” or “not visible”
(no longer visible) in order to track disturbance persistence and determine total
disturbance. After each sampling period, total disturbance was calculated as the sum of
new disturbance and prior disturbance still visible for that particular sampling period
(e.g., total disturbance recorded at the time of sampling). Total disturbance was
equivalent to all disturbance that would be recorded if the plots were sampled only once
or were sampled less frequently (such as annually).

The main forms of wild pig disturbance that were considered during plot sampling
included rooting areas, wallows, and hog game trails. Other sign, such as pig tracks, tree
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rubs, bedding areas, farrowing nests, masticated or regurgitated vegetation, and scat were
mapped or noted if and when they were observed. Hog disturbance and sign were initially
defined and identified according to various references, field guides, guidance gained from
personal communications, and direct field observation of hogs and their sign in the study
area over several months prior to the onset of the study (Sweeney 1970, Belden and
Pelton 1975, 1976, Wood and Roark 1980, Barrett and Birmingham 1994, Whitaker
1996, CDFG 1997, Rezendes 1999, G. Wood personal communication, I. L. Brisbin
personal communication, J. Mayer personal communication, J. R. Sweeney personal
communication).

Flooding conditions and flooding history were determined using field sign and review of
stream gauge data during and between sampling periods. Field sign included observed
flooding conditions in the plots and throughout the park, as well as the presence and
height of water stains, silt lines, flood debris, and drift lines observed on vegetation, the
substrate, and on the stakes and flags marking each plot in 10 m intervals. Flooding
conditions during each sampling period were mapped in the plots to 1-m grid cells, using
the same method used to record hog disturbance. Three continuously-recording U.S.
Geological Survey (USGS) stream gauges were used to determine or estimate the
exposure of each plot to flooding throughout the study: (1) Congaree River at City of
Columbia (station 02169500), (2) Congaree River at Congaree National Park (station
02169625), and (3) Cedar Creek at Congaree National Park (station 02169672).
Discharge (cubic feet per second, cfs) and stage height were available for the first gauge,
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including historical data from 1939 to present. Stage height was available for the other
two gauges, both of which had much shorter recording histories. The first gauge was the
primary one used for tracking flooding conditions, due to the history of data and
knowledge concerning how discharge at this gauge related to flooding in the park. The
other two gauges were used as supplemental information and to check observations and
assumptions made using field sign and the primary gauge. The USGS stream gauge data
for each station was available at the USGS Real-Time Water Data for South Carolina
website, http://waterdata.usgs.gov/sc/nwis/rt. The stream gauge data were used to
generate a monthly discharge summary for the Congaree River throughout the study
period, as well as mean monthly discharge for the historic time period 1939-2006, for
comparison. The combination of field sign and the stream gauge data were used to
generate a flooding history for each plot during the study.

The majority of the study period corresponded to a long-term drought in South Carolina
and the central region of the state (the Midlands) where the park is located. Information
on archived drought status records from the South Carolina State Climatology Office
website were reviewed and summarized in tabular format for the period 1998 through
2003 (http://www.dnr.sc.gov/climate/sco/index.php). The stream gauge data described
above were also used to document and describe drought conditions during the study
period.
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Hog disturbance was summarized on a plot basis by the percentage of 1-m cells disturbed
per area sampled during each sampling period. Variables examined included new
disturbance (percentage of cells classified as new disturbance per sampling period); total
disturbance (percentage of cells classified as total disturbance per sampling period [sum
of new disturbance and prior disturbance that was “still visible”]); and, cumulative
disturbance (sum of the total number of cells classified as new disturbance throughout the
study). In some cases, instances of new disturbance may have been under-estimated
where they corresponded with prior disturbance, particularly over larger disturbed areas;
only clearly fresh signs of disturbance were considered new disturbance in areas that had
been previously disturbed.

Both new and total disturbance were examined for several reasons: (1) new disturbance
captured discrete instances of hog disturbance, and could be conservatively identified due
to the sampling method and frequency employed; (2) total disturbance additionally
incorporated the persistence of disturbance, and also represented the actual amount of
disturbance present (visible) on the landscape at any given time. Under a less frequent
sampling regime, such as might be used in resource management programs in the future,
total disturbance would be the parameter more likely to be recorded. Total disturbance is
also more comparable with much of the existing literature. The persistence of disturbance
was also examined directly by tracking the duration of time that newly disturbed areas
remained visible on the landscape (20-30 randomly selected, newly disturbed cells per
habitat type (110 total) were tracked to determine the number of months they remained
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disturbed). Cumulative disturbance was examined as a means to integrate new
disturbance over both area and time, which was determined to be important since some
areas were repeatedly disturbed during the course of the study. Examining cumulative
disturbance also provided a way to evaluate the influences of habitat and the NW-SE
gradient over the entire study period, independent of temporal factors.

Prior to statistical tests, data were evaluated for normality, skewness, kurtosis, and
missing values, and extreme outliers. As a result, all data were log transformed prior to
statistical testing, which improved the normality of the data. No records were omitted
from the analyses. There were minor occurrences of missing values associated with plot
H1 in mixed bottomland hardwood forest in a very remote portion of the park near the
Congaree River, reachable only by boat. The missing values were the result of not being
able to reach the plot by boat during extreme high flow events and in one case during
very low water. For analyses involving new disturbance, the few missing values were
replaced with zeros. For analyses involving total disturbance, missing values were
replaced with the average of total disturbance values recorded during the sampling
periods immediately before and after the missed period.

Statistical methods were based primarily on a factorial analysis of variance (ANOVA) for
new and total disturbance (treated separately) using a standard least squares model
incorporating habitat type, distance along the NW-SE gradient, month, year, and the
interactions of each. A similar factorial ANOVA was used to examine cumulative
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disturbance, based on a standard least squares model incorporating habitat type, distance
along the NW-SE gradient, and their interaction (month and year did not apply for
cumulative disturbance, which was summed across all sampling periods). Year was
defined as: Year 1 (September 2000 – July 2001); Year 2 (September 2001 – July 2002);
and, Year 3 (September 2002 – July 2003). Distance along the NW-SE gradient (in
meters) was measured using GIS from the northwest corner of the park to each plot
location. Several other variables associated with the NW-SE gradient including distance
from the park visitor center, distance from the nearest hiking trail, elevation from USGS
Digital Elevation Models (DEMs), and distance from the Congaree River were also
considered (measured or determined using GIS). In addition to month and year, other
temporal factors were considered, such as quarterly seasons (spring, summer, fall,
winter), flooding (major, minor, and non-flooding in the preceding month and during
sampling), Congaree River discharge/stage, drought classification (none-incipient,
moderate, severe-extreme), mast fall, leaf fall, and hunting season. A one-way ANOVA
was used for comparisons of disturbance persistence among habitats. Where significant
differences were indicated, the Tukey-Kramer “Honestly Significant Difference” (HSD)
test was used to examine multiple comparisons at the

= 0.05 level. For the factorial

ANOVAs, multiple comparisons were based on Least Squares Means (LSM) differences.
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Results

Drought and Flooding

The study period (September 2000 to July 2003) substantially overlapped a prolonged
drought in South Carolina, spanning June 1998 to April 2003 (Table 2-1). This was the
longest drought period in South Carolina since the 1950s, included some of the lowest
rainfall levels on record for the state, and included the lowest flows ever recorded for the
Congaree River.

Drought conditions from the start of the study in September 2000 through the May 2002
sampling event were classified as “moderate” drought (spanning all of Year 1 and most
of Year 2 of the study). During this time period, drought conditions progressively
worsened, particularly during the summer months and in the second year of the study.
The July 2002 and September 2002 sampling events, late in Year 2 and early in Year 3 of
the study, were classified as “severe” to “extreme” drought. November 2002
corresponded with a significant downgrade of drought conditions to “incipient” drought,
prior to the official determination that the drought had lifted, which was issued in April
2003. Drought conditions were essentially no longer present from the November 2002
sampling event to the end of the study in July 2003, spanning most of Year 3 of the study.
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Mean monthly discharge for the Congaree River during the first two years of the study
remained below the mean monthly historic discharge (calculated from USGS data for
1939-2006) (Figure 2-2). Maximum monthly discharges during much of the study were
also frequently below the historic mean monthly flows, with several spikes above mean
historic flow levels (mainly in Year 1), then a prolonged and more extreme spike in Year
3 that continued through the end of sampling. The second year of the study had only one
minor spike where maximum monthly discharge exceeded the historic mean monthly
flow, and also had very low maximum monthly flows in June-August 2002 (summer),
corresponding to the period of severe to extreme drought. In November 2002, early
during Year 3 of the study, mean monthly discharge matched historic flows for the first
time during the project (and since June 1998), and then remained near or above mean
historic flows through July 2003, the end of the study.

In summary, the first two years of the study were very dry, with continuous long-term
moderate drought conditions that worsened with time (particularly in summer months and
during Year 2 of the study), and with very low river flows compared to historic
conditions. The months of June 2002 through September 2002, late in Year 2 and early in
Year 3 of the study, were classified as severe to extreme drought. In contrast, most of the
third and final year of the study had relatively normal to high river flows, with the
drought lessening and officially ending roughly three months prior to the end of the
study.
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During the drought and low river flow period, the typical seasonal inundation of the
floodplain by Congaree River flood waters did not occur. The mixed bottomland
hardwood forest, which normally experiences seasonal temporary flooding each year
(Knowles et al. 1996), did not flood for over two years, flooding for the first time during
the study in December 2002 (Year 3). Likewise, seepage forest was not flooded by river
waters during the study until March 2003. Cypress-tupelo forest had lower water
elevations and less surface water than would be typical and lacked surface water entirely
during portions of the study period. Short-term flooding in cypress-tupelo forest generally
corresponded with periodic peaks in maximum monthly discharge above the mean
historic monthly flows (Figure 2-2), more frequent in Year 1 compared to Year 2 during
the drought period. In Year 3, cypress-tupelo areas remained flooded for roughly eight to
nine months through the end of the data collection effort.

Flooding conditions mapped in the study plots during sampling periods, augmented with
field evidence of flooding between sampling periods and the review of stream gauge data,
indicated that flooding in the plots corresponded to the general description above (Table
2-2). The mixed bottomland hardwood plots experienced no surface flooding from
September 2000 to November 2002 (over two years). Flooding in mixed bottomland
hardwood plots first occurred in December 2002 (Year 3). Overall, mixed bottomland
plots experienced short-term flooding (up to 1-2 m flood depths) only towards the end of
the study during Year 3.
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Flooding in the cypress-tupelo plots was more frequent and complex (Table 2-2). The
summer just prior to the initiation of sampling, most cypress-tupelo areas examined were
entirely dry (no surface flooding). During the initial sampling period in September 2000
(Year 1), two plots were entirely or predominantly flooded, due to rainfall associated
with the recent passage of tropical storms, and one plot completely flooded shortly after it
was sampled. All three cypress-tupelo plots were periodically flooded at various times
throughout the first two years of the study, but less so in the second year, which was the
driest. Two plots maintained some minimum surface flooding (10-20% flooded) during
much of the study due to a small blackwater creek in one instance, and a slough channel
in the other, running through the plots. Two plots were completely dry (no surface
flooding) during sampling in September and November 2001 (Year 2) and all three plots
also were entirely dry during sampling in July and September 2002 (late in Year 2; early
in Year 3). All three plots were entirely flooded for most of the third year of the study,
including the last three sampling periods (March-July 2003).

The seepage plots maintained perennial saturation from groundwater seepage from the
adjacent uplands. Two of the three seepage plots also maintained low coverage (<5-10%)
of shallow surface water throughout much of the study, due to small seepage pools and a
very low gradient seepage run, which dried down entirely during July-September 2002
(late Year 2; early Year 3). Short term flooding from the Congaree River occurred only
near the end of the study period, in March and May 2003 (Year 3), with two plots
flooding entirely, and one flooding to a lesser extent.
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Initial Hog Disturbance

During the initial monitoring period in September 2000, only new hog disturbance was
recorded, any suspected prior disturbance was omitted since it had not been originally
observed as a part of this study. During September 2000, all wetland habitat types on the
floodplain (but not all plots) showed signs of new hog disturbance. By the second
monitoring period in November 2000, all plots in cypress-tupelo forest and seepage forest
had signs of new hog disturbance, as did two of three plots in mixed bottomland
hardwood areas (plot H2 did not). By January 2001, the third sampling period of the
study, all plots located on the floodplain had been newly disturbed by hogs. Plots in
upland pine flatwoods showed no signs of hog disturbance until March 2001, with very
minor disturbance, < 1% of cells affected in one plot, and no signs of disturbance in the
others. Hog disturbance remained very minor or absent from upland flatwoods plots until
the May and July 2002 sampling periods (Year 2) when two of three plots had
disturbance levels peaking at 2-7%.

Types of Disturbance

The types of hog disturbance documented during this study included rooting, wallows,
hog game trails, tree rubs, and suspected bedding areas. The primary type of disturbance
documented in the sampling plots was rooting. Rooting documented in the plots and
elsewhere included small individual rooting areas of various depths, areas with irregular
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linear rooting patterns, and widespread rooting covering large continuous areas. Both
shallow and deep rooting were observed, including activity as light as turning of the leaf
litter, as well as deep rooting creating significant depressions with and without low
mounds of vegetation and soil rimming the perimeter of the rooted area. Rooting
disturbance in the plots and elsewhere frequently included rooting around, turning over,
rooting into, breaking up, and substantially moving woody debris including large downed
trees and snags. This was observed in all the floodplain habitat types examined. Rooting
documented in the plots also included predation on native freshwater mussels (Florida
pond horn, Uniomerus carolinianus Bosc) in small blackwater creeks within cypresstupelo swamp during dry-down periods. Predation on insect soil mounds, subterranean
yellow-jacket nests (Vespula sp. Thomson), and partial consumption of greenbrier
(Smilax) rhizomes in upland pine flatwoods was also observed. No hog wallows were
documented in the sampling plots. Regularly used hog game trails were documented in
the seepage forest plots, but not in plots for the other habitat types.

Outside the sampling plots, wallows, tree rubs, and hog game trails were documented in
cypress-tupelo sloughs and guts, along small creeks and drainages, in a cypress-tupelo
pond during dry-down, in seepage forest, and in habitats located above the floodplain.
Regularly used wallows, tree rubs, and multiple hog game trails (as well as rooting) were
found in a small, natural remnant stand of longleaf-loblolly pine (Pinus palustris Mill., P.
taeda L.) flatwoods, and in a nearby isolated forested wetland, both located above the
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floodplain. Rooting was also observed in mature American beech-white oak (Fagus
grandifolia Ehrh., Quercus alba L.) slope or bluff forest adjacent to the floodplain.

Suspected hog bedding areas were located in plot H3 (in mixed bottomland hardwoods)
and in plot H7 (in cypress-tupelo), both in association with large patches of giant cane
(Arundinaria gigantea [Walter] Muhl.). In plot H3, the suspected bedding area was
adjacent to a large recently downed tree with a surrounding and overhanging tangle of
grape vine (Vitis L.), screened on one open side by a cane patch. In plot H7, the suspected
bedding area was in the interior of a large cane patch. These areas were considered
suspected bedding areas based on Mayer et al. (2002), rather than possible farrowing
nests, because no young pigs were observed in the vicinity.

Direct signs of hog predation on woody seedlings and saplings separate from rooting
activity were not observed, however, in several instances freshly chewed and regurgitated
woody “pellets” were observed in mixed bottomland hardwoods, indicative of
consumption of woody plant material (based on Wood and Roark 1980). In general, hog
disturbance, primarily rooting, appeared widespread and abundant throughout the park.
Wallows and other signs of disturbance were not abundant but were relatively common.
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Hog Observations/Other Sign

Frequent hog sightings occurred along the Kingsnake Trail and an old logging grade that
continues further south. On one occasion, 15 hogs were sighted along the trail/logging
grade over the course of one day. On two occasions, 5-7 hogs approached and in one case
entered a cypress-tupelo plot while it was being sampled (the same sow and several
shoats in each instance). Hogs were also seen in mixed bottomland hardwood plots.
Several hogs were observed swimming together through a flooded cypress-tupelo slough.
A hog was also observed rooting under water in flooded cypress-tupelo swamp along the
Weston Loop Trail in water that was roughly shoulder depth on the hog. Other hog
sightings occurred along the Sims Trail in mixed bottomland hardwoods and cypresstupelo sloughs, and along Red Bluff Road and associated upland woods roads. Hogs were
also sighted along the Congaree River, Cedar Creek, other small creeks, and in Mazyck’s
Gut. Hogs that were approached too closely on two occasions bluff charged and gave low
grunting and bark-like vocalizations, then ran off a short distance into cover, turned, and
crouched down. In addition to direct sightings and disturbance observations, fresh hog
scat and tracks were frequently seen both in and near disturbed areas, as well as
elsewhere. For instance, hog scat and tracks were frequently noted in pine flatwoods
areas that were not rooted. Dead hogs were not frequently observed. Dead hogs or hog
remains were located in pine flatwoods near Red Bluff Road, in Moccasin Pond (a
cypress-tupelo depression), and in the Congaree River.
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New Disturbance

New disturbance recorded in the plots generally seemed to be greatest for cypress-tupelo
(Figure 2-3). Cypress-tupelo had relatively high values (>10%) regularly recorded in two
of the three plots, with several records at >20% in one plot. The maximum new
disturbance value was 64% in cypress-tupelo. Mixed bottomland hardwoods generally
had the next highest level of new disturbance, with one plot at or above 20% on several
occasions. The maximum new disturbance value for mixed bottomland hardwoods was
35%. Most new disturbance observations for bottomland hardwoods were below 10%.
Seepage forest had frequent new disturbance, but mostly below 10% for each plot. The
maximum new disturbance value for seepage forest was 11%. New disturbance in upland
pine flatwoods plots was infrequent and always below 10%, with a maximum value of
7%. One upland plot remained undisturbed by hogs throughout the study period.

Peaks in new disturbance in some mixed bottomland hardwood and cypress-tupelo plots
seemed to occur near the summer months in Years 1 and 2. This was particularly the case
for some cypress-tupelo plots in the summer months in Year 2. Some new disturbance
peaks in cypress-tupelo plots also occurred after or between flooding events (e.g.,
January 2001, Year 1; January 2003, Year 3). Several plots in cypress-tupelo and mixed
bottomland hardwoods seemed to generally show lower levels of new disturbance in fall
months, particularly November. Zero and low values for various plots on the floodplain
in Year 3 corresponded to flooded conditions. Low values for cypress-tupelo also
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corresponded to other flood periods (e.g., September 2000, Year 1). Overall, new
disturbance was highly variable within and among cypress-tupelo and mixed bottomland
hardwood plots, but less so in the seepage forest and upland pine flatwoods plots.

A factorial ANOVA model for new disturbance incorporating the influences of habitat
type, distance along the NW-SE gradient (gradient), month, year, and associated
interactions explained 81% of the variability in the data (R2 = 0.81) and was highly
significant (p < 0.0001) (Table 2-3). After removing interactions that were clearly not
significant and not of interest, effects tests indicated that habitat type was highly
significant (p < 0.0001), gradient was highly significant (p < 0.0001), month was
marginally significant (p = 0.0581), year was significant (p = 0.0028), the habitat *
gradient interaction was significant (p = 0.0143), the habitat * year interaction was highly
significant (p = 0.0004), and the month * year interaction was significant (p = 0.0130).
The habitat * month (p = 0.1216) and habitat * month * year (p = 0.4055) interactions
were not significant for new disturbance.

Similar models were considered and evaluated using the alternative variables associated
with the NW-SE gradient that were described previously (distance from the visitor center,
nearest hiking trail, Congaree River; elevation from DEMs, etc.). This was done for new
disturbance, as well as total and cumulative disturbance (below). All these variables
performed relatively well when used individually (based on R2 and p values), and they
are all also closely correlated with each other. Distance to hiking trail performed the best
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for all three disturbance variables, based on resulting R2 and p values, both by itself and
in combination with habitat type. However, since all factors performed well, and all were
correlated with each other and could not really be separated, it was decided that the most
generic factor (distance along the overall gradient), corresponding to the original
hypothesis, would be retained. This also eliminated the implied causation that could
result from using a single more specific variable to the exclusion of the others.

Similar models were also considered and evaluated using the alternative temporal factors
described previously (seasons, flooding, drought classification, mast and leaf fall, etc.), in
combination or in place of month and year. This was done for both new disturbance, as
well as total disturbance (below). However, these variables, individually and in
combination, were less satisfactory than using month and year, based on R2 and p values.
In some cases, variables could not be used effectively where they resulted in unbalanced
sample sizes. Overall, it was thought that using month and year would better integrate
combinations of temporal influences such as season, drought, flooding, leaf fall, etc. than
using these variables themselves. One factor in particular, drought classification (noneincipient, moderate, severe-extreme) was more satisfactory than any of the other
alternative variables, for both new and total disturbance.

New disturbance means by habitat type (across all sampling periods) were: 10% for
cypress-tupelo, 4% for mixed bottomland hardwoods, 2% for seepage forest, and <1% for
upland pine flatwoods (Table 2-3). Multiple comparisons for habitat type indicated that
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cypress-tupelo had significantly greater values for new disturbance than all other habitat
types (wetland or upland); and that upland pine flatwoods had significantly lower levels
of new disturbance than all the wetland habitat types (CTS > BLH & SFF > UPL). Mixed
bottomland hardwoods and seepage forest were intermediate in levels of new disturbance
and were not significantly different from each other. For seepage forest and upland pine
flatwoods, standard error was noticeably lower than for the other two wetland habitat
types.

The response for distance along the NW-SE gradient, a continuous variable, indicated
that new disturbance increased moving along the gradient in a linear fashion (increasing
distance from the NW corner of the park correlated with increasing levels of new
disturbance). Based on the review of interaction profile plots, the interaction of habitat
and the gradient indicated that the overall differences among habitats described above
were also observed along the gradient (differences in new disturbance among habitat
types were generally similar at various positions along the gradient). In addition, the
“gradient effect” was observed within each of the habitat types. Changes in cypresstupelo and mixed bottomland hardwoods were similar along the gradient (similar slopes)
and were more pronounced than for seepage forest and upland pine flatwoods (which
were similar to each other).

New disturbance means by month (across all habitat types and years) were: 4-6% for
January-September and 2% for November (Table 2-3). Multiple comparisons for month
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indicated that the month of January had significantly greater values for new disturbance
than November (January > November). Although the months of March-September also
had values roughly two times greater than November, these differences were not
significant.

New disturbance means by year (across all habitat types and months) were: 6% for Year
2, 4% for Year 1, and 3% for Year 3 (Table 2-3). Multiple comparisons for year indicated
that Year 2 had significantly greater levels of new disturbance than Year 3 (Year 2 >
Year 3). Year 1 was not significantly different than Year 2 or 3.

New disturbance means for the interaction of habitat * year (across all months) ranged
from a high of 17% for cypress-tupelo in Year 2 to lows of <1% for upland pine
flatwoods in multiple years (Table 2-3). Multiple comparisons for the interaction of
habitat * year are presented in two primary groupings: differences among habitats within
years; and differences among years within habitats. Among habitats, for Year 1, cypresstupelo and seepage forest had significantly greater levels of new disturbance than upland
pine flatwoods (CTS-1 & SFF-1 > UPL-1). There were no significant differences among
the three wetland habitat types for Year 1 (the mean for mixed bottomland hardwood was
similar to seepage forest) or between mixed bottomland hardwoods and upland pine
flatwoods. For Year 2, during peak drought conditions, cypress-tupelo had significantly
greater levels of new disturbance (mean 17%) than all other habitat types (CTS-2 > BLH2, SFF-2, & UPL-2). New disturbance means for mixed bottomland hardwoods (5%),
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seepage forest (2%), and upland pine flatwoods (1%) were not significantly different
during Year 2. For Year 3, there were no significant differences among habitats (although
the means for all the wetland habitats were greater than those for upland pine flatwoods).

Significant differences among years within habitats were limited for new disturbance. For
cypress-tupelo, Year 2 had significantly greater levels of new disturbance than Year 3
(CTS-2 > CTS-3). Year 1 was not significantly different than either Year 2 or 3 for
cypress-tupelo, though it was intermediate between the two, and represented the second
highest overall mean (7%). For the other habitat types, there were no significant
differences in new disturbance among years; however, mixed bottomland hardwoods
displayed a pattern similar to cypress-tupelo among years, whereas seepage forest and
upland pine flatwoods did not. In addition to the primary groupings, cypress-tupelo in
Year 2 had a significantly greater new disturbance value than all other habitat types in all
years. Standard error values for seepage forest and upland pine flatwoods were noticeably
smaller than those for cypress-tupelo and mixed bottomland hardwoods.

New disturbance means for the interaction of month * year (across all habitat types)
ranged from highs of 8-9% in March-May Year 2 and January Year 3, to lows of <1% in
May and July Year 3 (Table 2-3). Multiple comparisons for the interaction of month *
year are presented in two primary groupings: differences among months within years; and
differences among years within months. Within Year 1 and Year 2, there were no
significant differences among months, although means were generally highest in summer
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months and lowest in November in each year. In Year 3, January had significantly greater
new disturbance than July (JAN-3 > JUL-3). There were no other significant differences
within Year 3, although May had a relatively low mean similar to July, and March and
November also had relatively low means comparatively. Within months, for July, Year 2
had significantly greater new disturbance than Year 3 (JUL-2 > JUL-3). There were no
other significant differences within months among years, although March and May
displayed a very similar pattern to July for Year 2 compared to Year 3 (e.g., May Year 2
was 9% vs. Year 3 at <1%) . In addition to the primary groupings, May Year 2 and
January Year 1 were also significantly greater than July Year 3.

Total Disturbance

Total disturbance recorded in the plots generally seemed to be greatest for cypress-tupelo
(Figure 2-4). Cypress-tupelo had relatively high values (>20%) consistently recorded in
two of the three plots. One plot in cypress-tupelo had six records where total disturbance
was greater than 60%, with four of those exceeding 70% (nearing 80%). Another plot in
cypress-tupelo had several records above 30% and a few exceeding 40%. The maximum
total disturbance value was 79% for cypress-tupelo. Mixed bottomland hardwoods and
seepage forest had generally similar levels of total disturbance, although one plot in
mixed bottomland hardwoods had relatively higher values, regularly above 20%,
including several records above 30%. The maximum total disturbance value was 52% for
mixed bottomland hardwood forest. One seepage forest plot had total disturbance values
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consistently above 10%, with a maximum value of 21%. Similar to new disturbance, total
disturbance for upland pine flatwoods was relatively low, always below 10%, with a
maximum record of 7%.

The level of total disturbance in cypress-tupelo plots generally increased through the
second year of the study, especially for two of the three plots (Figure 2-4). A general
increase in total disturbance through Year 2 was not the case for the other wetland
habitats. However, several of the plots in wetland habitats, particularly those with greater
levels of disturbance, seemed to generally experience an increasing monthly trend in total
disturbance peaking in July or September, with a decrease in total disturbance recorded in
November (Figure 2-4). Zero and low values for various plots on the floodplain in Year 3
corresponded to flooded conditions. Low values for cypress-tupelo also corresponded to
other flood periods (e.g., September 2000, Year 1). Overall, total disturbance was highly
variable within and among cypress-tupelo and mixed bottomland hardwood plots, but less
so in the seepage forest and upland pine flatwoods plots.

A factorial ANOVA model for total disturbance incorporating the influences of habitat
type, distance along the NW-SE gradient (gradient), month, year, and associated
interactions explained 88% of the variability in the data (R2 = 0.88) and was highly
significant (p <0.0001) (Table 2-4). After removing interactions that were clearly not
significant and were not of interest, effects tests indicated that habitat type was highly
significant (p < 0.0001), gradient was highly significant (p < 0.0001), month was
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significant (p = 0.0259), year was highly significant (p < 0.0001), the habitat * gradient
interaction was significant (p = 0.0092), the habitat * month interaction was marginally
significant (p = 0.0669), the habitat * year interaction was highly significant (p < 0.0001),
the month * year interaction was highly significant (p < 0.0001), and the habitat * month
* year interaction was significant (p = 0.0046).

Total disturbance means by habitat type (across all sampling periods) were: 19% for
cypress-tupelo, 9% each for seepage forest and mixed bottomland hardwoods, and 1% for
upland pine flatwoods (Table 2-4). Multiple comparisons for habitat type indicated that
cypress-tupelo and seepage forest had greater levels of total disturbance than mixed
bottomland hardwoods and upland pine flatwoods; and that mixed bottomland hardwoods
had greater values for total disturbance than upland pine flatwoods (CTS & SFF > BLH >
UPL). Cypress-tupelo and seepage forest were not significantly different. For seepage
forest and upland pine flatwoods, standard error was noticeably lower than for the two
other wetland habitats, including mixed bottomland hardwoods, which had a similar
mean total disturbance value compared to seepage forest, but a much higher standard
error.

The response for distance along the NW-SE gradient indicated that total disturbance
increased moving along the gradient in a linear fashion (increasing distance from the NW
corner of the park correlated with increasing levels of total disturbance). Based on the
review of interaction profile plots, the interaction of habitat and the gradient indicated
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that the overall differences among habitats described above were also observed along the
gradient (differences in total disturbance among habitat types were generally similar at
various positions along the gradient). In addition, the “gradient effect” was observed
within each of the habitat types. Changes in cypress-tupelo and mixed bottomland
hardwoods were similar along the gradient (similar slopes) and were more pronounced
than for seepage forest and upland pine flatwoods habitats (which were similar to each
other).

Total disturbance means by month (across all habitat types and years) were: 9-11% for
January-September and 5% for November (Table 2-4). Multiple comparisons for month
indicated that the month of January had significantly greater values for new disturbance
than November (January > November). Although the months of March-September also
had greater total disturbance values than November (and values similar to January), these
differences were not significant.

Total disturbance means by year (across all habitat types and months) were: 13% for
Year 2 and 8% each for Year 1 and 3 (Table 2-4). Multiple comparisons for year
indicated that Year 2 had significantly greater levels of total disturbance than Year 1 and
Year 3 (Year 2 > Year 1 & Year 3). Year 1 and 3 were not significantly different.

Total disturbance means for the interaction of habitat * month (across all years) ranged
from highs of 20-24% for cypress-tupelo in most months (excluding November, 5%) to
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lows of < 1% for upland pine flatwoods (Table 2-4). Multiple comparisons for the
interaction of habitat * month are presented in two primary groupings: differences among
habitats within months; and differences among months within habitats. Among habitats,
for September, all wetland habitat types had significantly greater total disturbance than
upland pine flatwoods, with no significant differences among wetland types (CTS-SEP,
SFF-SEP, & BLH-SEP > UPL-SEP). For November, the only significant difference was
between seepage forest and upland pine flatwoods (SFF-NOV > UPL-NOV). For
January, all wetland habitat types had significantly greater total disturbance than upland
pine flatwoods, and cypress-tupelo also had significantly greater total disturbance than
mixed bottomland hardwoods (Wetlands-JAN > UPL-JAN; CTS-JAN > BLH-JAN).
Seepage forest was not significantly different from cypress-tupelo or mixed bottomland
hardwoods in January. For March, all wetland habitat types had significantly greater total
disturbance than upland pine flatwoods, with no significant differences among wetland
types, the same as for September. For May and July, cypress-tupelo and seepage forest
had significantly greater total disturbance than upland pine flatwoods (CTS-MAY &
SFF-MAY > UPL-MAY; CTS-JUL & SFF-JUL > UPL-JUL). Mixed bottomland
hardwoods in May and July were not significantly different than any of the other habitat
types, wetland or upland, although values for mixed bottomland hardwoods were
generally higher than for upland pine flatwoods (8-10% vs. 1%).

Among months and within habitats, cypress-tupelo in both September and January had
significantly greater total disturbance than in November (CTS-SEP & CTS-JAN > CTS-
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NOV). Although cypress-tupelo also had greater values for total disturbance in all other
months compared to November, these differences were not significant. Mixed bottomland
hardwoods had a pattern of total disturbance somewhat similar to that of cypress-tupelo,
with the highest value in September (13%) and the lowest value in November (6%),
however, no differences among months were significant for mixed bottomland
hardwoods. A similar pattern was not observed for seepage forest or upland pine
flatwoods.

Total disturbance means for the interaction of habitat * year (across all months) ranged
from a high of 29% for cypress-tupelo in Year 2 to lows of <1% for upland pine
flatwoods in multiple years (Table 2-4). Multiple comparisons for the interaction of
habitat * year are presented in two primary groupings: differences among habitats within
years; and differences among years within habitats. Among habitats, for Year 1, all three
wetland habitat types had significantly greater values for total disturbance than upland
pine flatwoods (CTS-1, SFF-1 & BLH-1 > UPL-1). The wetland types were not
significantly different from each other. For Year 2, during peak drought conditions,
cypress-tupelo had significantly greater levels of new disturbance (mean 29%) than all
other habitat types (CTS-2 > BLH-2 & SFF-2 > UPL-2). New disturbance means for
mixed bottomland hardwoods (11%) and seepage forest (9%) were also significantly
different than upland pine flatwoods (1%) during Year 2. Seepage forest and mixed
bottomland hardwoods were not significantly different. For Year 3, seepage forest had
significantly greater levels of total disturbance than all other types (SFF-3 > CTS-3,
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BLH-3 & UPL-3), although mean values for the other wetland types were similar to or
higher than seepage forest (CTS had very higher standard error). Cypress-tupelo,
bottomland hardwoods, and upland pine flatwoods values for total disturbance were not
significantly different for Year 3 (although mean values for the wetland types were
greater than those for upland pine flatwoods). Differences among years within habitats
were limited for total disturbance. For cypress-tupelo, Year 2 had significantly greater
levels of total disturbance than Year 1 and Year 3; and Year 1 had significantly greater
values for total disturbance than Year 3 (CTS-2 > CTS-1 > CTS-3). For the other habitat
types, there were no significant differences in total disturbance among years; however,
mixed bottomland hardwoods displayed a pattern that was somewhat similar to cypresstupelo (greatest value observed in Year 2), while seepage forest and upland pine
flatwoods did not. In addition to the primary groupings, cypress-tupelo in Year 2 had
significantly greater new disturbance than all other habitat types in all years. Standard
error values for seepage forest and upland pine flatwoods were noticeably smaller than
for cypress-tupelo and mixed bottomland hardwoods.

Total disturbance means for the interaction of month * year (across all habitat types)
ranged from highs of 16-17% in May-July Year 2 and September and January Year 3 to
lows of 2% in September-November Year 1 and May-July Year 3 (Table 2-4). Multiple
comparisons for the interaction of month * year are presented in two groupings:
differences among months within years; and differences among years within months. For
Year 1, March, May, and July had significantly greater total disturbance than September
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and November (MAR-1, MAY-1 & JUL-1 > SEP-1 & NOV-1). January had an
intermediate value between the above groups and was not significantly different from any
other month in Year 1. There were no significant differences among months within Year
2, although means were generally highest in the summer months and lowest in
November. For Year 3, September and January had significantly greater values for total
disturbance than March, May, and July (SEP-3 & JAN-3 > MAR-3, MAY-3 & JUL-3).
November was intermediate among these groups (with a similar value to November Year
2), and was not significantly different from any other month in Year 3. Within months,
for September, Year 2 and 3 had significantly greater levels of total disturbance than
Year 1, but were not different from each other (SEP-2 & SEP-3 > SEP-1). Neither
November nor January had significant differences among years (November Year 1 was
generally lower than for other years; and January Year 3 was generally higher than for
other years). March, May, and July were similar, each with Year 1 and 2 having
significantly greater total disturbance than Year 3 (MAR-1 & MAR 2 > MAR-3; MAY-1
& MAY-2 > MAY-3; JUL-1 & JUL-2 > JUL-3). Year 2 values were generally higher
than Year 1 for these months, but these differences were not significant. This overall
pattern also applied across months within this group, with significant differences between
Years 1 and 2 vs. Year 3 (e.g., MAR, MAY & JUL Years 1 & 2 > MAR, MAY & JUL
Year 3).

Total disturbance means for the interaction of habitat * month * year ranged from highs
of 38-42% for cypress-tupelo from May Year 2-September Year 3 (during the peak
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drought period) and in January Year 3 to lows of 0% for upland pine flatwoods in various
months and years, cypress-tupelo in November and March-July in Year 3 (when flooded),
and mixed bottomland hardwoods in May-July Year 3 (during and after major flooding)
(Table 2-4). Multiple comparisons for the interaction of habitat * month * year, are
presented in two primary groupings: differences among habitats within the combinations
of month-year; and differences among the combinations of month-year within habitats.
Among habitats, September-Year 1 and November-Year 1 had no significant differences
among habitat types. For January-Year 1 through September-Year 3, cypress-tupelo had
significantly greater total disturbance than upland pine flatwoods, with no other
significant differences among habitat types. From November-Year 3 through July-Year 3
(the end of the study), there were again no significant differences among habitat types.
Overall, across nearly all month-year combinations with the exception of flooding
periods in Year 3, all wetland habitats generally had greater disturbance values than
upland pine flatwoods, but many of these differences were not significant (except for
cypress-tupelo).

Among month-year, for cypress-tupelo, there were three related groupings of significant
differences. First, May-Year 2 and September-Year 3 were significantly greater than
September-Year 1, November-Year 1, November-Year 3, and March through July-Year
3. Likewise, March-Year 2 and July-Year 2 were significantly greater than SeptemberYear 1, November-Year 3, and March through July-Year 3. Finally, January-Year 1
through September-Year 2 and January-Year 2 and Year 3 were significantly greater than
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November-Year 3 and March through July-Year 3. In this last grouping, only NovemberYear 2 was not significantly different than any other month. Within mixed bottomland
hardwoods, September-Year 2 had significantly more total disturbance than May-Year 3.
Most other month-year combinations for mixed bottomland hardwoods outside flooding
periods in Year 3 also had generally greater total disturbance compared to flooding
periods, however, these differences were not significant. Neither seepage forest nor
upland pine flatwoods had any significant within-habitat differences among month-year
combinations.

Disturbance Persistence

Many disturbed areas recorded in the seepage forest plots remained visible for many
months to two years or more. Disturbance did not generally appear to be as persistent in
the other habitat types. Hog rooting in seepage forest often appeared to be deeper and to
result in obvious changes in ground elevation as compared to rooting in other habitat
types. Also, although woody shrub and herbaceous groundcover vegetation was typically
abundant in seepage areas, including carpets of Sphagnum spp., many disturbed areas
lacked vegetation for long time-periods. In addition to rooting, persistent hog game trails
showing repeated use were also observed in the seepage plots, but not in the plots for the
other habitat types.
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Mean disturbance persistence values for each habitat type were: 17 months for seepage
forest, 4 months for cypress-tupelo, 3 months for mixed bottomland hardwoods, and 3
months for upland pine flatwoods (Table 2-5). The maximum persistence values for each
habitat type were: 34 months for seepage forest, 26 months for cypress-tupelo, 12 months
for mixed bottomland hardwoods, and 10 months for upland pine flatwoods.

Comparisons using a one-way ANOVA showed a significant difference in disturbance
persistence among habitat types (p < 0.0001). Multiple comparisons indicated that
seepage forest had significantly greater disturbance persistence than all other habitat
types. Cypress-tupelo, mixed bottomland hardwoods, and upland pine flatwoods were not
significantly different.

Cumulative Disturbance

Cypress-tupelo had the most cumulative disturbance summed across plots (4,300 1-m
cells recorded as new disturbance) (Figure 2-5). Mixed bottomland hardwoods had the
next greatest cumulative disturbance summed across plots (1,942 1-m cells). Seepage
forest had the next greatest total cumulative disturbance across plots (1,163 1-m cells).
Upland pine flatwoods had relatively low levels of cumulative disturbance (170 1-m
cells). Cumulative results per plot were highly variable within habitat types, especially
for cypress-tupelo and mixed bottomland hardwoods, less so for seepage forest.
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The maximum cumulative disturbance values recorded for each habitat type were: 2,833
1-m cells for cypress-tupelo (plot H8), 1,383 1-m cells in mixed bottomland hardwoods
(plot H1) (the second highest overall count), 468 1-m cells for seepage forest (plot H12),
and 143 1-m cells for upland pine flatwoods (plot H16). Cypress-tupelo had 3 of the 4
highest records for cumulative disturbance. Most of the cumulative disturbance in upland
pine flatwoods was in plot H16 (84%).

A factorial ANOVA model for cumulative disturbance incorporating the influences of
habitat type, distance along the NW-SE gradient (gradient), and their interaction
explained 99% of the variability in the data (R2 = 0.99) and was significant (p = 0.0016)
(Table 2-6). Effects tests indicated that habitat type was highly significant (p = 0.0006),
gradient was significant (p =0.0017), and the habitat * gradient interaction was significant
(p = 0.0126).

Mean cumulative disturbance values for each habitat type were: 1,433 1-m cells for
cypress-tupelo, 647 1-m cells for mixed bottomland hardwoods, 388 1-m cells in seepage
forest, and 57 1-m cells in upland pine flatwoods. Multiple comparisons for habitat type,
indicated that cypress-tupelo, mixed bottomland hardwoods, and seepage forest had
significantly greater cumulative disturbance than upland pine flatwoods. There were no
significant differences among the wetland habitat types.
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The response for distance along the NW-SE gradient, a continuous variable, indicated
that cumulative disturbance increased moving along the gradient in a linear fashion
(increasing distance from the NW corner of the park correlated with increasing levels of
cumulative disturbance). Based on the review of interaction profile plots, the interaction
of habitat and the gradient indicated that the overall differences among habitats described
above were also observed along the gradient (differences in new disturbance among
habitat types were generally similar at various positions along the gradient). In addition,
the “gradient effect” was observed within each of the habitat types. Changes in cypresstupelo and mixed bottomland hardwoods were similar along the gradient (similar slopes)
and were more pronounced than for seepage forest. Upland pine flatwoods had a
somewhat more pronounced “gradient effect” than the other habitat types, due to most of
the rooting being limited to one plot.

Discussion

Habitat Comparisons

There was a clear indication that the overall abundance of wild pig disturbance was
greater for the floodplain wetland forest types as compared to the adjacent flatwoods, as
evidenced by all disturbance parameters examined (new, total, and cumulative
disturbance). Hog disturbance, primarily rooting, was common to abundant for the
wetland floodplain habitat types (2-10% new disturbance, 9-19% total disturbance,

51

averaged across all years) much less so for the upland pine flatwoods plots, which had
relatively little disturbance (<1% new disturbance, 1% total disturbance). Greater overall
hog disturbance in wetland habitat types on the floodplain as compared to the adjacent
pine flatwoods was expected based on observations by Sweeney (1970) and radiotelemetry studies from similar habitat types at the Savannah River Site (Kurz 1971, Kurz
and Marchinton 1972, Crouch 1983, Hughes 1985). Gaines et al. (2005) also saw some
evidence of selection for bottomland hardwoods and floodplain forest and against pinedominated habitats based on fall/winter hunter harvest data at SRS. Friebel (2007) in a
radio-telemetry study at Congaree Swamp also indicated greater use of wetland
floodplain habitats versus pine flatwoods.

Chavarria et al. (2007) working in the Big Thicket National Preserve in East Texas in
spring and summer 2005 also saw hog disturbance primarily associated with rooting in
wetlands and bottomland hardwood forest as opposed to upland pine, upland pine-oak,
and upland mixed hardwood and pine forests. Habitat types with the majority of hog
disturbance included mixed bottomland hardwoods, seasonally flooded hardwood flats,
and wetland savanna. Floodplain forest disturbance percentages by area ranged from 1545%; overall disturbance percentage throughout the study area was 28%. These results
are similar to higher values observed for floodplain forest during this study, particularly
for total disturbance in cypress-tupelo swamp and to a lesser extent mixed bottomland
hardwoods during peak drought periods.
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Engeman et al. (2003, 2004, 2007), working in various non-floodplain wetland habitat
types in several locations in Florida during 2002-2003 recorded hog disturbance levels
similar to the present study (basin marsh 19%, seepage slope wetlands 11-25% pre-hog
control, and pine flatwoods 1-6%), with results varying by location, habitat type, and
history of recreational hunting and hog control efforts. These results are best compared to
the total disturbance results from the present study (Table 2-4), based on the methods
employed. At one location studied by Engeman et al., Savannas Preserve State Park, a
comparison of wetland and adjacent pine flatwoods can be made, with basin marsh
disturbance of 19% (Engeman et al. 2004) versus pine flatwoods disturbance of 3-6%
(Engeman et al. 2003), similar to the wetland versus pine flatwoods comparisons in the
present study. Seepage slope disturbance (Engeman et al. 2007) was also similar to
seepage floodplain forest disturbance in the present study. Although these seepage
wetlands are distinctly different habitat types, they do share some similar geomorphic,
hydrologic, and vegetative characteristics.

Greater hog disturbance in the wetland habitats on the floodplain was likely due to factors
such as: greater abundance, productivity, and diversity of food resources (Kurz 1971,
Kurz and Marchinton 1972); greater water, moisture, and wet soil availability coupled
with a frequent preference by hogs for rooting in wet areas (Graves 1984, Hughes 1985);
and perhaps greater temperature moderation in closed-canopy wetland and riparian
forests (Wood and Brenneman 1980, Singer et al. 1981, Hughes 1985). Extended drought
prior to and during much of the study period may have increased the importance of all
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these factors, thereby increasing the magnitude of differences observed between the
wetland floodplain forests and upland pine flatwoods. Lack of major flooding during the
drought period also meant that hogs had continuous, year-round, access to the floodplain,
and were not forced from the floodplain during high water, as may normally occur (Kurz
1971, Kurz and Marchinton 1972). Lack of major flooding over more than two years,
coupled with relatively mild winters, may also have removed a source of hog population
mortality prior to and during much of the study (Mark Hall, SCDNR, personal
communication to NPS). Overall, the drought and lack of flooding may have intensified
hog disturbance in forested wetland habitats on the floodplain while reducing disturbance
in the upland pine flatwoods to a greater extent than during non-drought periods or under
typical flooding periodicity.

In addition to the above considerations, habitat quality might also have been a factor.
Wetland habitats on the floodplain consisted of mature, diverse, mixed stand age forest,
including many fruit and mast producing species; abundant and diverse understory plant
assemblages, including herbaceous and rhizomatous species; an abundance of downed
logs and snags; relatively natural ecosystem processes (driven by hydrology on the
floodplain); and, the absence of intensive silvicultural or agricultural activities (logging,
site preparation, plowing/bedding, planting, etc.). Overall, based on the above factors, the
floodplain forest types consisted of relatively high quality wildlife habitat. In contrast, the
pine flatwoods habitats examined were in former planted pine and agricultural areas
consisting primarily of early to mid-successional, low diversity, even-aged forest; low
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abundance of fruit and mast producing species; low abundance and diversity of
understory plant assemblages; the absence of key ecosystem processes (lack of periodic
fire); and a history of intensive silvicultural and/or agricultural management. Habitat
quality was relatively poor for the upland sites, especially for two of the three plots which
were in former planted pine areas. Oddly enough, the upland plot which appeared to have
the best habitat quality (larger trees, presence of oaks, more open understory, greater
vegetation diversity, earlier and more effective use of prescribed fire), experienced a
complete absence of hog disturbance during the study. The upland plot which
experienced the majority of the disturbance, in a former planted pine area, may have had
more hog rooting due to its position near the head of a floodplain draw.

The relatively minor disturbance observed for uplands does not mean that hogs were not
using the pine flatwoods, just that they were not frequently rooting or causing other
disturbance in the plots examined. Hogs were observed in flatwoods and planted pine
areas with comparable habitat conditions to those found in the plots, and hog scat and
isolated tracks were regularly observed in the plots. At a minimum, hogs were traveling
through these areas. In addition, hog disturbance was documented outside the upland
plots in areas with comparatively better upland habitat quality. This included signs of
rooting, a hog wallow, tree rubs, tree tusking, and multiple hog game trails observed in a
small stand of relatively natural and mature longleaf-loblolly pine flatwoods (managed
with periodic prescribed burning) and an isolated forested wetland depression above the
floodplain; as well as rooting observed in mature American beech-white oak slope forest
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on the main bluff along the floodplain. Hog disturbance in these upland habitats may
have been more abundant than in the pine flatwoods study plots due to closer proximity
to the floodplain, wetter or more mesic conditions, more abundant and diverse ground
cover vegetation, and the presence of mast (acorns, beech nuts).

Though typically less intensive than use of bottomlands in particular, hog use of uplands
adjacent to forested wetlands includes short-term seasonal shifts in hog use from
bottomlands to pine plantation due to food availability (Sweeney 1970, Kurz 1971, Kurz
and Marchinton 1972, Crouch 1983, Hughes 1985); hogs feeding in upland mixed forests
adjacent to wetlands when acorns are present in the uplands (Wood and Brenneman
1980); hogs moving out of bottomlands and into pine plantation during flooding (Kurz
1971, Kurz and Marchinton 1972); hogs bedding in pine plantations and pine flatwoods
adjacent to bottomlands or other wetlands (Kurz 1971, Wood and Brenneman 1980);
movement of hogs from bottomlands to pine stands for farrowing (Sweeney 1970, Kurz
1971); and hogs feeding on longleaf pine seedlings in pine flatwoods (Wood and
Brenneman 1980, Lipscomb 1989). Baron (1982) also reported abundant wild pig rooting
(6-48% cover, differing seasonally) in natural pine savannah habitats at Gulf Islands
National Seashore in Mississippi, in a coastal barrier island setting lacking forested
wetlands, but including wet grasslands and marshes.

In addition to the differences in hog disturbance observed between wetland habitats on
the floodplain and the adjacent upland pine flatwoods, there were also differences among
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wetland types. Overall, cypress-tupelo swamp experienced greater hog disturbance,
primarily rooting, compared to the other wetland types. This was somewhat unexpected,
in that it was anticipated at the onset of the study that hog disturbance would be more
prominent in mixed bottomland hardwoods, at least during certain time-periods. Over the
three-year study period, hog disturbance means in cypress-tupelo swamp were at least
two-times greater than in the other forested wetland types, for all disturbance parameters
evaluated (new, total, and cumulative disturbance). This is in stark contrast to habitat use
observed for similar habitats at SRS, where hogs primarily used bottomland hardwoods
with little to no use of adjacent cypress-tupelo swamp (Kurz 1971, Kurz and Marchinton
1972). Crouch (1983) and Hughes (1985) also reported high utilization of bottomland
hardwoods and under-utilization of creek bottoms and cypress-tupelo swamp,
respectively. Wood and Brenneman (1980) observed heavy use of cypress-tupelo
swamps, however, the cypress-tupelo forests in their study were smaller, isolated,
depression wetlands, different than the floodplain swamps characteristic of large rivers on
the upper coastal plain, such as the Savanna River and Congaree River (W.H. Conner,
personal communication).

During peak drought periods, hog disturbance in cypress-tupelo swamp exceeded
disturbance in the other forested wetland habitats by an even wider margin (see Table 2-3
and Table 2-4, Habitat * Year means for Year 2 and Habitat * Month * Year means for
late-Year 2 and early-Year 3). For instance, the total disturbance mean in Year 2 (peak
drought year) for cypress-tupelo was 29% versus 11% for mixed bottomland hardwoods
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during the same period (significantly different). Though not significantly different, total
disturbance means for cypress-tupelo were 38-42% during the summer months in lateYear 2 and early-Year 3 (peak drought months) versus 13-15% for the same period in
mixed bottomland hardwoods.

Some of the factors that may have related to differences in hog disturbance between the
wetland floodplain forests and upland pine flatwoods may have similarly related to the
differences observed between cypress-tupelo and the other forested wetland types.
Perhaps certain preferred or high quality food resources were limited to, more abundant
in, or more concentrated in cypress-tupelo areas as compared to the other forested
wetland types. Aquatic and moist-soil invertebrates, such as snails, crayfish, aquatic
insects, and worms, may have been an example, as these resources were perhaps more
abundant in cypress-tupelo areas. Greater water, moisture, and wet soil availability, and
perhaps greater temperature moderation (Wood and Brenneman 1980, Singer et al. 1981,
Graves 1984, Hughes 1985), may also have been available in cypress-tupelo areas, due to
the frequent presence of surface water, overall wetter conditions, wet soils, and the closed
canopy and open understory.

The extended drought may have influenced the greater degree of disturbance in cypresstupelo as compared to the other wetland types in several ways. First, the drought and lack
of flooding may have resulted in decreases in resources such as food and water that
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would usually be present elsewhere on the floodplain (for instance, possible declines in
fruit, mast, and crayfish production may have occurred in bottomland hardwoods).

Secondly, some food resources may have occurred at increased abundances within
cypress-tupelo because of the drought and lower water levels. For instance, herbaceous
groundcover was abundant and diverse in cypress-tupelo areas, uncharacteristically;
perhaps due in part to lower water levels and dry down conditions (Chapter 3).
Temporary canopy defoliation by tent caterpillars was also observed in cypress-tupelo
areas, and may have been an additional factor contributing to the abundance of
herbaceous groundcover, due to an increase in light penetration to the forest floor
(Chapter 3). Perhaps increases in other food sources in response to dry down conditions
were available to hogs, such as aquatic and moist soil invertebrates in previously flooded
leaf litter and soils.

Thirdly, hogs had greater spatial and temporal access to cypress-tupelo areas due to lower
water levels and extended dry-down periods. Warren and Ford (1997), working at
Cumberland National Seashore in Georgia indicated that drier than normal conditions
during one year of their study may have provided hogs access to wetland and aquatic
areas that may have otherwise been too wet. Kirkman and Sharitz (1994) working in
Carolina Bay wetlands in South Carolina, and Winchester et al. (1985) working in
freshwater depression marshes in southwest Florida, noted disturbance by hogs in these
wetland systems primarily when they became dry during prolonged drought periods.
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Arrington et al. (1999) working in Kissimmee River (Florida) impounded floodplain
marsh and wet prairie noted that hog disturbance was limited to episodic dry periods,
associated with a managed drawdown in their study. Greater hog access during the
prolonged drought may have meant that some floodplain locations and resource types not
normally utilized by hogs due to flooding extent or water depth were available in
abundance, because they had not been previously or regularly exploited by hogs (e.g.,
cypress cones, tupelo fruits, aquatic plants in deeper swamp areas, formerly submerged
logs and snags, freshwater mussels, aquatic herpetofauna, stranded fish).

Finally, cypress-tupelo areas may have had greater productivity or abundance of food
resources compared to the other wetland floodplain habitats during the drought period.
Cypress-tupelo was the only habitat type exposed to regular “flood pulse subsidies” of
energy, water, nutrients, organic matter, sediments, and organisms as a result of periodic
flooding and drying cycles during the drought period (Conner and Day 1976, Junk et al.
1989). Wildlife species in floodplain forests frequently adapt to target such resource
pulses (Heitmeyer et al. 2005). Mixed bottomland hardwoods would normally be
exposed to this “flood pulse” dynamic, driving the productivity and diversity of this
habitat type; however, this was not the case during the drought. Overall, drought
conditions may have resulted in hogs having greater access to and making somewhat
more concentrated use of cypress-tupelo areas. One item to keep in perspective, although
the abundance (density) of disturbance was greater in cypress-tupelo on a relative basis,
the overall abundance of disturbance across the entire floodplain was likely still greater in
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mixed bottomland hardwoods, since this habitat type occupies a much larger area on the
floodplain. Although hogs disturbed cypress-tupelo more intensively during the drought
period, hogs also regularly disturbed mixed bottomland hardwoods and seepage forest as
well, over large expanses of floodplain.

Temporal Factors

Drought and flooding were likely the major temporal factors influencing differences in
hog disturbance observed during this study. These factors appeared to operate both
among and within habitats. Differences were more prominent among years, but also
occurred within years (among months). Other minor temporal factors observed included
leaf fall and a “start-up” effect. Expected temporal factors, such as major floods shifting
an increase in disturbance to pine flatwoods, and major mast fall events concentrating
disturbance in mixed bottomland hardwoods, were not observed.

Annual comparisons (across habitats) as well as the habitat * year interaction for both
new and total disturbance indicated greater disturbance values in Year 2, during the peak
of the drought, particularly for cypress-tupelo. General peaks in disturbance in cypresstupelo and to a lesser extent in mixed bottomland hardwoods also occurred in summer
months in both Years 1 and 2, corresponding to worsening drought conditions within
each year. Peak annual air temperatures during the summer months may have also been a
factor (Wood and Brenneman 1980). Year 3 in contrast, had lower overall disturbance
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values, corresponding to temporary inundation of most of the floodplain and continuous
flooding in cypress-tupelo areas over several months. During Year 3, unlike Years 1 and
2, there were no significant differences in new disturbance among the forested wetland
types and upland pine flatwoods (or among wetland types), due to flooding conditions. A
similar pattern held for total disturbance, with the exception that disturbance in seepage
forest in Year 3 was significantly greater than in upland pine flatwoods (perhaps due to
disturbance persistence in seepage forest, addressed below).

Monthly comparisons (across habitats) did not indicate any relationships to drought or
flooding conditions. However, the month * year interactions (across habitats) and the
habitat * month * year interaction for total disturbance indicated several monthly
differences within year between drought and flood periods and between dry down periods
and flooding. These differences were more prominent for cypress-tupelo, but were also
observed for mixed bottomland hardwoods. Differences in disturbance levels between
drought and flooding periods were not observed in any instances within seepage forest or
upland pine flatwoods. Basically, worsening and peak drought conditions corresponded
to increased disturbance within cypress-tupelo, while flooding conditions corresponded to
a decrease in disturbance in cypress-tupelo and mixed bottomland hardwoods.
Concomitant increases in disturbance were not observed during flooding periods in
upland pine flatwoods or seepage forest (or mixed bottomland hardwoods), indicating
that disturbance intensity did not shift to higher or drier areas during flood conditions, as
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was expected (Kurz and Marchinton 1972), at least not for the habitat types and plot
locations investigated.

Lack of periodic flooding during much of the study, and continuous flooding in cypresstupelo through the end of the study period, prohibited effective examination of certain
questions related to hog responses to flooding (e.g., does hog disturbance move back and
forth among habitats during flooding and drying cycles; does hog disturbance increase in
exposed areas shortly after flooding recedes; does hog disturbance decline or show a lag
period after major flood events). The effects of flooding on hog sign could not be readily
examined (does flooding erase or override hog disturbance on the landscape). Although
these questions could not be examined conclusively, there was some possible indication
that certain peaks in hog disturbance in cypress-tupelo corresponded to sampling periods
following flood events or occurring between flood events (e.g., cypress-tupelo in January
2001 and January 2003), such as might be expected from an immediate flood pulse effect.
There was also some possible indication that major flooding in mixed bottomland
hardwoods substantially removed the signs of previous hog disturbance (much lower total
disturbance values observed after flood waters had receded from bottomland areas,
following major flooding to 1-2 m depths).

In addition to drought conditions and flooding, a less distinct seasonal effect of leaf fall in
November was also detected. For cypress-tupelo and mixed bottomland hardwood plots
with greater levels of disturbance, total disturbance in particular seemed to show an
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increasing pattern throughout each year, peaking in the summer months, then falling off,
drastically in some cases, in the fall months, November in particular (Figure 2-4).
Comparisons for month (across habitats) were only marginally significant for new
disturbance, but were more strongly significant for total disturbance. The habitat * month
interaction was also marginally significant for total disturbance. For the monthly
comparisons, November generally had lower values, and was significantly lower than
January. The habitat * month interaction for total disturbance indicated that for cypresstupelo, November had significantly less disturbance than both September and January
(the sampling periods on either side of November). In addition, for the month of
November, only seepage forest had significantly greater disturbance than upland pine
flatwoods, whereas for all other months most or all wetland forest types showed greater
disturbance than upland pine flatwoods. These results can be attributed to leaf fall in
November obscuring rooting sign, particularly for previously detected shallow rooting. In
the case of seepage forest, deeper rooting (related to disturbance persistence, treated
below) resulted in prior rooting still being detected, despite leaf fall.

Leaf fall in this case relates to disturbance detection and sampling methodology, rather
than the biology and ecology of hog disturbance, however, this finding does have
resource management implications. Future disturbance monitoring or surveys that might
be conducted under resource management operations should not be limited to fall
periods, particularly not to November alone. If less intensive monitoring, on an annual or
quarterly frequency for instance, were to be planned, monitoring conducted just prior to
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leaf fall may best indicate total disturbance over several weeks to months (depending on
other temporal factors); while monitoring conducted shortly after leaf fall may best
indicate new rooting over short time-frames, providing a snapshot of hog distribution and
perhaps abundance at that time. A similar snow fall effect might also be expected,
particularly in regions with regular seasonal snow fall. A snow fall event outside the
normal sampling period occurred in December 2003 during this study, and was insightful
for making a rapid qualitative assessment of the distribution and abundance of new
rooting over a wide area.

The only other temporal factor observed was a “start up” effect for total disturbance early
during the study. This was a known consideration based on the methodology used, and
was indicated in the month * year interaction and the habitat * month * year interaction,
where results for September Year 1 (the start of the study) were significantly lower than
for other months in Year 1, and were also significantly lower than results for September
in Years 2 and 3. This was because only new rooting was recorded during the first
sampling period, suspected prior rooting that had not been directly observed as new
rooting was not recorded. Note however, that the “start up” effect was also coincident
with flooding in cypress-tupelo plots during September Year 1. Though not as obviously
detected, some “start up” influence may also have been present during November Year 1,
coincident with the influence of leaf fall.
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Other seasonal effects, most notably, expected changes in disturbance related to fruit and
mast fall, especially in mixed bottomland hardwoods, were not observed during this
study, as was expected based on previous studies such as Sweeney (1970) and Kurz and
Marchinton (1972), where heavy use of mast and other resources in bottomland
hardwoods alternated with periodic or short-term shifts to adjacent pine plantations due to
abundant fruit (plums) in summer or low mast availability on the floodplain in late
winter. Similar to the findings of the present study, Friebel (2007) did not observe
seasonal shifts in the location or habitat use of hogs at Congaree Swamp in 2005-2006.

Fruit and mast fall were observed during the study, inside the plots and elsewhere,
including pawpaw, hickory nuts, acorns, bald cypress cones, tupelo fruits, crabapples,
beech nuts, and mulberries. However, major acorn or other major mast fall events were
not observed during this study. Though it is possible that a major mast fall occurred
between sampling periods (in October for instance), and that hogs and other wildlife fully
utilized this resource prior to the next sampling period, and that the signs of hog
disturbance associated with such an event were obscured by leaf fall, this seems
somewhat unlikely. It seems more likely that utilization of a major mast fall would have
continued past leaf fall, and would have been more obvious due to the disturbance of the
newly abundant leaf litter. It is also possible that a major mast fall event did occur at
Congaree, but in a localized or clustered fashion, which by chance did not happen to
overlap the study plots. It is possible that the low levels of disturbance recorded in
November during this study relate not only to leaf fall, but also to the potential absence of
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major mast fall events during the study, or the occurrence of localized or clustered mast
fall events outside the study sites, at least for the mixed bottomland hardwood plots. The
former possibility could also further relate to the overall greater levels of disturbance
observed for cypress-tupelo as compared to mixed bottomland hardwoods, discussed
previously. This influence, the possible lack of a major acorn fall in particular, may have
occurred due to normal multi-year cycles of mast production, advanced forest or oak
maturity, the multi-year drought conditions and lack of flooding, or some combination of
these or other factors. Supporting the tie to hog disturbance, Graves (1984) noted that hog
rooting occurred most consistently in wet areas when mast was not available in other
habitat types. Likewise, Bratton et al. (1982) indicated that in mast failure years in Great
Smoky Mountains National Park, low wet areas with abundant herbaceous cover were
heavily utilized by hogs for roots and tubers, including “Gum Swamp” and other wetland
areas.

Disturbance Persistence

Disturbance persistence was clearly more prominent in seepage forest than in any of the
other habitat types (4-5 times greater), all of which were otherwise similar in disturbance
persistence. This was expected due to the low bulk density of the perennially saturated
muck soils in the seepage forest, compared to the loamy soils (silty clay loam to sandy
loam) associated with the other habitat types. Rooting observed in seepage forest was
typically deeper than in the other habitat types and resulted in obvious un-vegetated

67

depressions, often ringed by mounds of pushed up soil and vegetation with exposed roots.
Established hog game trails were also recorded in seepage areas but not in the other
habitat types. This was likely due to repeated disturbance of the soft muck soils,
essentially wearing a visible path into the landscape. Chavarria et al. (2007) also
documented disturbance associated with hog tracks along consistent travel routes in areas
with poorly drained soils.

The seepage forest contained un-vegetated depressions, as well as vegetated depressions
dominated by herbaceous groundcover, similar in size and shape to areas rooted by hogs,
but located outside of areas recorded as hog rooting during this study. This begs the
question of whether or not hogs might have created these depressions through past
rooting or wallowing, or if such depressions might otherwise naturally occur regardless
of hog activity. It is possible that hogs are simply attracted to existing depressions unrelated to past hog disturbance, however, hogs may also “improve” these depressions
over time (e.g., widen or deepen them, change the soil or vegetation characteristics) and
use them repeatedly. It is possible that both these factors operate on the landscape; that
hogs respond to existing topography and also create, enhance, or maintain topography in
the seepage forest. This question cannot readily be answered by the results of this study;
however, it is possible that hogs may be responsible for some of the topography observed
in seepage forest, perhaps even contributing to seepage pools and areas dominated by
herbaceous ground cover, as opposed to the dominance of woody shrubs elsewhere in
seepage forest. Other factors, such as natural vegetation hummocking and surface
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expression of tree roots in response to continuous saturation, as well as pit and mound
topography caused by wind thrown trees, also contribute to topography in the seepage
forest, as might the underlying geology (David Shelley, University of South Carolina,
personal communication). If hog disturbance results in the creation, enhancement, or
maintenance of topography within this habitat type, this would appear to be a unique
factor, not operating elsewhere on the floodplain, at least not to the same extent.

In general, the greater disturbance persistence in seepage forest compared to the other
habitat types indicates that both rooting abundance (areal extent or density) and
disturbance type and depth (persistence) are important factors when evaluating hog
disturbance, and that these factors may operate to different degrees in different habitat
types. Chavarria et al. (2007) came to the same conclusion, based on their Intensity Index
Values for depth of rooting, and also indicated the potential relationship of rooting depth
to habitat or vegetation disturbance response and recovery. Although rooting abundance
in seepage forest was similar to or less than that observed for some other wetland habitat
types (depending on the parameter and comparison), the physical aspects of hog
disturbance in seepage forest were definitely longer lasting with the potential for more
significant

changes

in

topography,

hydrology,

soil

bulk

density,

vegetation

characteristics, and perhaps other physical and ecological factors that may differ from the
other habitat types examined.
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The observed difference in disturbance persistence also has resource management
implications relative to monitoring methodology and data interpretation. The influence of
disturbance persistence on total disturbance versus new disturbance was clear. Future
disturbance monitoring conducted on a less frequent basis, such as annually, or
monitoring or rooting surveys not involving fixed plots or fixed transects would be
improved by considering rooting depth and persistence, otherwise, the abundance and
potential effects of rooting in different habitat types or locations might be over or underestimated, comparatively.

Gradient Effect

Hog disturbance increased along a NW to SE gradient, both across and within habitat
types, particularly within cypress-tupelo swamp and bottomland hardwoods, with similar
responses in each habitat along the gradient. Potential influences on hog disturbance
which correlated with the gradient included distance from human disturbance, decreasing
ground elevation, and increasing proximity to the Congaree River. Greater distance from
human disturbance (the visitor center, hiking trails, roads, etc.), wetter conditions, a
greater frequency/magnitude of flood pulse, or likely some combination of these factors
might at least partially explain greater hog disturbance along the gradient. Other
unconsidered factors could also be involved. In addition, this finding may share
commonalities with the habitat differences described above (greater abundance of
disturbance in relatively wetter habitats or areas, or where the frequency/magnitude of
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flood pulse was greater), especially given the drought conditions during much of the
study period. For instance, the plots furthest along the gradient in each wetland habitat
type were each the first to flood during high water events (within their habitat type). The
cypress-tupelo plot furthest along the gradient and with the greatest disturbance was not
the wettest plot, but it typically flooded earlier and was flashier than the other cypresstupelo plots. The bottomland hardwood plot furthest along the gradient and with the
greatest disturbance was very close to the river and an existing flood channel, and
showed obvious signs of greater flooding exposure and magnitude compared to the other
bottomland plots. The seepage forest plot furthest along the gradient and with the greatest
disturbance flooded the earliest and to the greatest extent compared to the other seepage
forest plots. The seepage forest plot on the other end of the gradient flooded to the least
extent, and unlike the other plots, may have only partially flooded late in the study. For
upland pine flatwoods, the plot furthest along the gradient and with the greatest
disturbance was also located closest to the floodplain, at the head of a small floodplain
draw.

Summary

1) Wild pig disturbance over the three-year study period, primarily rooting, was more
abundant in floodplain wetland forest types (2-10% new disturbance; 9-19% total
disturbance) as compared to the adjacent pine flatwoods (<1% new disturbance; 1% total
disturbance), as was expected. There was very little disturbance in pine flatwoods, even
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during a major flood period late in the study when the floodplain was entirely inundated.
Differences in hog disturbance for the floodplain wetland forests versus pine flatwoods
may be related to the greater availability and/or abundance of food resources,
water/moisture, and temperature moderation on the floodplain as compared to the pine
flatwoods. A prolonged drought and lack of annual flooding were also likely related
factors, perhaps focusing or intensifying hog activity on the floodplain, where hogs had
unlimited access due to the absence of flooding over several years. Poor habitat quality in
general, related to past silviculture and agriculture use, and the absence of fire, in the pine
flatwoods examined may have also been a factor, compared to the mature, relatively high
quality floodplain forest types, which included tracts of “old-growth” forest.

2) On the floodplain, hog disturbance was more abundant in cypress-tupelo swamp (10%
new disturbance; 19% total disturbance) compared to mixed bottomland hardwoods (4%
new disturbance; 9% total disturbance) and seepage floodplain forest (2% new
disturbance; 9% total disturbance), a somewhat surprising result. There was roughly
twice as much disturbance on a per unit basis in cypress-tupelo compared to the other
wetland floodplain forest types for new, total, and cumulative disturbance. This finding
may also be related to food, water/moisture/soil wetness, and temperature moderation, as
above, particularly due to drought conditions and the lack of major flooding over several
years. During the peak of the drought, in Year 2 for instance, differences in disturbance
were even greater for cypress-tupelo (17% new disturbance, 29% total disturbance)
compared to the other floodplain forest types (2-5% new disturbance; 9-11% total
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disturbance). In peak drought months, disturbance in cypress-tupelo reached mean levels
of 38-42% for total disturbance. Hogs may have concentrated disturbance more
intensively in cypress-tupelo because it was the wettest and the only habitat type that was
periodically flooded for over two-years. During the drought, hogs also had long periods
of access to cypress-tupelo areas that would normally have been flooded for much of the
year. Though rooting was more concentrated in cypress-tupelo, there was still widespread
rooting in the other floodplain forest types. Due to the much greater total area of mixed
bottomland hardwoods on the floodplain, overall disturbance was likely still greater for
this habitat type, and was widespread throughout the floodplain.

3) A seasonal effect of decreased rooting abundance in fall, particular in November, was
noted, and was attributed to leaf fall obscuring rooting sign. This was more a factor for
total disturbance, where previously recorded new disturbance was being tracked over
time. Though this result was tied to methodology rather than hog activity, it is important
as it relates to future monitoring efforts, including when monitoring is conducted and the
interpretation of results. For instance, annual monitoring conducted just before leaf
fall would reflect total disturbance over several weeks to months, giving an indication of
the overall scale of disturbance. In contrast, annual monitoring conducted just after leaf
fall would primarily show new disturbance over a relatively short time-period, providing
information on hog abundance and distribution at that particular time.
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4) Other major temporal or seasonal influences were not observed. This included the
absence of any observed changes in rooting abundance or distribution related to fruit or
mast fall, which was unexpected. This may have been due to the absence of major mast
fall events during the study, perhaps related to factors such as normal cycles in mast
production, advanced forest/tree maturity, and the extended drought and lack of flooding
in mixed bottomland hardwood areas over several years. Other explanations, such as a
“missed” mast fall event due to sampling frequency, or localized or clustered mast fall
events occurring elsewhere on the floodplain (outside the study plots) are also
possibilities. Lack of a major mast fall in bottomland hardwoods may have contributed to
the higher levels of disturbance observed for cypress-tupelo swamp, comparatively.

5) The persistence of hog disturbance was by far the greatest in seepage forest. Rooted
areas in seepage forest persisted 4-5 times longer than in the other habitat types (average
of 17 months versus 3-4 months). This was attributed to soil type (organic muck) and the
depth of rooting in seepage forest, versus loamy soils elsewhere on the floodplain and in
pine flatwoods. It is possible that due to the depth and persistence of rooting in seepage
areas, that some of the topography found in this habitat type may be created, enhanced, or
maintained by hog disturbance. This finding indicates that both rooting abundance (areal
extent or density) and severity (depth, persistence) may be important factors when
considering hog habitat use and potential ecological influences or impacts of hog
disturbance, and that the two may operate to different degrees in different habitat types.
This idea also has implications for sampling methodology and data interpretation. Future

74

disturbance monitoring conducted on a less frequent basis or not involving fixed plots or
transects would be improved by considering rooting depth and persistence, otherwise, the
abundance and potential effects of rooting in different habitat types or locations might be
over or under-estimated comparatively.

6) A geographic trend in the abundance of hog disturbance was also observed. Hog
disturbance increased along a NW to SE gradient both across and within habitat types.
Potential influences on hog disturbance which correlated with the gradient included
distance from human disturbance, ground elevation, and proximity to the river. Greater
distance from human disturbance and a greater degree of wetness or larger
frequency/magnitude of flooding might at least partially explain greater hog disturbance
along the gradient. This finding may share commonalities with the habitat differences
described above, in relation to hogs using wetter areas more intensively, especially given
the drought conditions during much of the study period.
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CHAPTER 3

GROUND COVER AND UNDERSTORY VEGETATION IN RELATION TO
HABITAT AND WILD PIG ROOTING AT CONGAREE NATIONAL PARK

Introduction

Vegetation studies associated with wetland floodplain forests, particularly bottomland
hardwoods and cypress-tupelo swamps, are many, but primarily focus on woody canopy
and subcanopy trees that dominate these habitats. Few studies have investigated
groundcover and understory vegetation in mature floodplain forest, particularly the
herbaceous vegetation (Grell et al. 2005). This is understandable due to the often limited
abundance of understory vegetation, particularly herbaceous plants, in mature bottomland
hardwoods and especially in mature cypress-tupelo swamps (Dennis 1973, Conner et al.
1981, Wharton et al. 1982, Mitsch and Gosselink 2000, Conner and Buford 1998,
Kellison et al. 1998, Conner and Sharitz 2005). The limited studies that include
significant treatment of understory vegetation and herbaceous species in southeastern
wetland floodplain forests (other than floristic treatments) include Dennis and Batson
(1974), Conner and Day (1976), Flinchum (1977), Schneider and Sharitz (1986), Bledsoe
and Shear (2000), and Grell et al. (2005). In contrast to floodplain forests, there is an
abundance of literature on the ground cover and understory vegetation in southern pine
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flatwoods, often with an emphasis on herbaceous species (see Hermann (ed.) 1993, Jose
et al. 2006).

The presence and abundance of wild pigs (Sus scrofa L.) in Congaree National Park and
other floodplain forests (Chapter 2, Mayer and Brisbin 1991, Friebel 2007), and the
interest in examining habitat use and patterns of substrate disturbance by this species
(Chapter 2), led to a related interest in examining the potential influence of wild pig
rooting on ground cover characteristics and understory vegetation in different floodplain
forest habitat types and adjacent pine flatwoods.

Though different forested habitat types are mainly defined by their dominant tree species,
suspected differences in ground cover and understory vegetation characteristics also exist
among habitat types (with or without pig rooting). Furthermore, such habitat-influenced
differences might also influence wild pig habitat use and rooting disturbance patterns
(rather than the other way around). Accordingly, this study required the examination of
ground cover and understory vegetation in relation to both habitat type and wild pig
rooting.

The primary research goals of the study were the following:

1) Determine if ground cover characteristics and understory vegetation composition
varied among four major habitat types at Congaree National Park: mixed bottomland
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hardwood forest (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF),
and upland pine flatwoods (UPL) (including former pine plantation). The first three
habitats are distinct forested wetland types occurring on the Congaree River floodplain.
Mesic pine flatwoods occur above the floodplain and associated bluff, adjacent to the
floodplain. See Chapters 1 and 2, Thompson (1998), TNC (2000), Gaddy and Brooks
(2000), and Gaddy et al. (2000) for detailed habitat type and study area descriptions.

The hypothesis associated with this question was that there would be differences in
ground cover characteristics and understory vegetation composition among all four
habitat types, based on their differing hydrology, landforms, soils, other ecological
processes (wildlife use, fire, hurricanes, etc.), former land use, and forest canopy
composition.

Overall, generally low vegetation cover, high leaf litter cover, and low understory
diversity were expected for all habitat types. This was the case for the floodplain forest
types, especially mixed bottomland hardwoods and cypress-tupelo, due to forest maturity,
closed canopy conditions (shading), low light levels near the forest floor, and extended
flooding conditions for some habitat types (Dennis 1973, Conner et al. 1981, Wharton et
al. 1982, Mitsch and Gosselink 2000, Conner and Buford 1998, Kellison et al. 1998,
Conner and Sharitz 2005). Pine flatwoods were expected to have low vegetation cover,
high leaf litter cover, and low understory diversity due to former agricultural and pine
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plantation management and the absence of periodic fire (Glitzenstein et al. 1993, Hedman
et al. 2000, Van Lear et al. 2005, Gilliam and Platt 2006, Walker and Silletti 2006).

It was thought that ground cover and understory vegetation characteristics might be most
divergent between the wetland floodplain forests and the adjacent pine flatwoods. Factors
related to expected differences could include basic wetland versus upland conditions
(hydrology, soils, wetland plant adaptations), floodplain influences (periodic flooding and
associated disturbance), greater wild pig disturbance expected on the floodplain (Chapter
2), the influence of fire (or lack thereof) in pine flatwoods, and the influence of former
agriculture and pine plantation management in the pine flatwoods, as compared to the
relatively mature and undisturbed floodplain forests. Similar to other pine flatwoods
forests with a history of agricultural and pine plantation management and lack of fire,
understory vegetation characteristics, especially herbaceous cover and diversity, were
expected to be low (Hedman et al. 2000, Walker and Silletti 2006), with high leaf litter
coverage consisting mainly of pine needles.

Among the wetland floodplain forests, differences in ground cover and understory
vegetation characteristics were expected between bottomland hardwoods and cypresstupelo, primarily due to hydrology. The greater tree diversity generally observed for
bottomland hardwoods as compared to cypress-tupelo also led to the thought that
understory vegetation might differ similarly. Lower vegetation cover and plant diversity
were expected for cypress-tupelo as a result of longer periods of inundation limiting the
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development of understory vegetation, as compared to seasonal flooding of relatively
shorter duration in bottomland hardwoods (Wharton et al. 1982, Mitsch and Gosselink
2000, Conner and Buford 1998, Kellison et al. 1998, Conner and Sharitz 2005). It was
also expected that the understory vegetation in cypress-tupelo would be more
characterized by obligate wetland species, as compared to bottomland hardwoods, which
would be expected to have understory plant assemblages with wider variation in flooding
tolerance. Despite expected differences, it was thought bottomland hardwoods and
cypress-tupelo understory vegetation might also be the most similar in species
composition among the habitat types being compared.

Expectations were not concrete for seepage floodplain forest, as this forest type has been
little studied (TNC 2000), although it was thought that there might be major differences
in understory species composition for this habitat type due to the distinctly different
hydrologic conditions and soils in seepage forest, as compared to bottomland hardwoods
and cypress-tupelo swamps. Seepage forest hydrology is characterized by perennial
saturation by groundwater seepage from the adjacent uplands, with periodic but less
frequent exposure to riverine floodwaters. Soils in seepage forest are composed of black
organic muck. Bottomland hardwoods and cypress-tupelo swamp are influenced
primarily by riverine surface water flooding and have loamy soils. Existing floristic
descriptions of seepage forest at Congaree Swamp (Thompson 1998, TNC 2000, Gaddy
and Brooks 2000, Gaddy et al. 2000) as well as qualitative observations prior to the study
added to the expectation that this forest type would differ in understory composition. The
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unique characteristics and imperiled conservation status of seepage forest (TNC 2000;
NatureServe, http://natureserve.org/explorer) and associated rare plant species also
contributed to the interest in comparisons involving this habitat type. Carolina birds-in-anest (Macbridea caroliniana [Walter] S.F. Blake), for instance, occurs in seepage forest
at Congaree Swamp (Gaddy et al. 2000, TNC 2000). Carolina birds-in-a-nest is a statelisted species of concern (South Carolina Department of Natural Resources), a federal
“species of concern” (U.S. Fish and Wildlife Service), and a globally imperiled species
(NatureServe, http://natureserve.org/explorer).

2) Determine if ground cover characteristics and understory vegetation composition
varied for areas with and without recent rooting disturbance by wild pigs.

The hypothesis associated with this question was that there would be major differences in
ground cover characteristics, particularly total vegetation, leaf litter, and bare soil cover,
for areas with and without recent rooting disturbance, across all habitat types. Recent
rooting was defined as new, fresh disturbance by wild pig rooting.

It was thought that recent rooting disturbance would decrease total vegetation and leaf
litter cover and increase areas with bare soil exposure. Lower understory plant diversity
was also expected in recently rooted areas due to the removal of vegetation cover in
general and a concurrent reduction in the numbers of plant species present. It was also
thought that there might be differences in understory vegetation composition as a result
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of recent rooting, due again to the general removal of vegetation, substrate disturbance, as
well as possible differential effects on certain plant species, such as species with
rhizomes that might be utilized as food by wild pigs. Similar wild pig rooting effects have
been documented for the ground cover and understory vegetation of mesic hardwood
forests in Great Smoky Mountains National Park; including greatly reduced herbaceous
cover, reduced leaf litter cover, decreased understory species diversity, and reduced
abundances of certain herbaceous plant species (Bratton 1974, 1975, Howe and Bratton
1976, Howe et al. 1981, Singer et al. 1984). No similar studies are available for
bottomland hardwoods or other floodplain forests. However, studies from some nonforested wetlands, including floodplain marshes and Carolina bay depression meadows,
indicate that pig rooting, in combination with periodic drought conditions or lowered
water levels, may contribute to herbaceous diversity (Kirkman and Sharitz 1994,
Arrington et al. 1999). Also, non-forested wetland and upland habitats at Gulf Islands
National Seashore were relatively unaffected by abundant wild pig rooting in terms of the
return of vegetative cover, species composition, and diversity (Baron 1982). It was also
thought that recently rooted areas might show lower abundances or cover values for
woody tree seedlings, as compared to areas without recent rooting, a concern that has
been expressed by resource managers, researchers, and others at the park in relation to
forest canopy regeneration, especially for certain oak species (Quercus L.) (NPS personal
communication, R. Sharitz and B. Allen personal communication, Friends of Congaree
Swamp personal communication, Nix and Barry 1992).
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Methods

Twelve forest plots (1,000 m2 each) were randomly located and stratified among the four
major habitat types examined; 1) mixed bottomland hardwood forest (BLH), 2) cypresstupelo swamp (CTS), 3) seepage floodplain forest (SFF), and 4) upland mesic pine
flatwoods (UPL); as described in Chapter 2. Within each forest plot, a minimum of six
0.25 m2 photo-quadrats were established (one exception noted below); at least three
quadrats randomly located in areas with no signs of visible disturbance by wild pigs and
at least three quadrats randomly located in areas recently disturbed by wild pig rooting
(new, fresh rooting sign). Vertical photographs of the quadrats were made from a height
of approximately 1.5 meters, using a 35 mm Single Lens Reflex film camera and 400speed color film.

Un-disturbed quadrats were first sampled in September-November 2000 (primarily in
September) at the time when herbaceous vegetation could best be identified. Sampling
for the un-disturbed quadrats was repeated bi-monthly until all forest plots had sufficient
new rooting to allow establishment of the recently disturbed quadrats. Recently disturbed
quadrats were primarily established between September 2000 and January 2001 (mainly
in September-November 2000), except for the upland quadrats, which took longer for
initial rooting events to occur. Disturbed quadrats could not be established in one upland
plot due to a lack of rooting over more than a three-year period. This study took place
during a long-term drought in South Carolina that spanned June 1998 to April 2003
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(South Carolina State Climatology Office, see previous chapter). As a result, mean
monthly discharge for the Congaree River was below the 68-year historical average prior
to and during sampling (Figure 3-1). The maximum monthly discharge also fell below the
historical mean monthly discharge for the four months prior to the onset of sampling
(during late spring and summer), corresponding with the extensive dry down of most
cypress-tupelo areas, including all the cypress-tupelo study plots.

High resolution digital images were prepared from the color film negatives for analysis.
The digital photographs were analyzed using a random point-intercept method to
determine cover values by ground cover categories and plant species (genus in some
cases). Cover categories included total vegetation cover, leaf litter and fine woody debris,
coarse woody debris (CWD), and bare soil and exposed roots. CWD was defined as
downed trees, logs, large branches, large woody flotsam, snags, stumps, etc. generally 5
cm or more in diameter and at least 15 cm in length or extending beyond the quadrat
limits. This mainly included downed CWD, given the nature of the project design. Photoquadrat analysis was conducted by viewing each digital photograph as an image using
GIS software, digitizing the quadrat boundaries on-screen, generating a set of 100
random point locations within the quadrat boundaries, then recording the ground cover
category and plant species located directly underneath each point. A new set of random
intercept points was generated for each photo-quadrat image. Summing the number of
point records for each category and plant species resulted in percent cover values for each
photo-quadrat.
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Plant identifications were based on the following references: Godfrey and Wooten 1979,
Godfrey and Wooten 1981, Radford et al. 1968, Tobe et al. 1998, and the USDA NRCS
PLANTS database (http://plants.usda.gov). Initial plant identifications were made in the
field for the majority of species, with subsequent repeated identifications made during the
photo-quadrat analysis. Plant identifications were cross-referenced with Thompson
(1998) and TNC (2000) by habitat type as a quality control check. Use of nomenclature
followed the USDA NRCS PLANTS database.

Prior to statistical tests, data were evaluated for normality, skewness, kurtosis, missing
values, and extreme outliers. As a result, all data were log transformed prior to statistical
testing, primarily to improve normality, which was achieved. Sampling dates for undisturbed quadrats were matched with initial rooting dates for the disturbed quadrats for
each plot to remove potential seasonal influences on the comparison of recently rooted
and undisturbed quadrats. Statistical methods were based primarily on factorial analysis
of variance (ANOVA) for percent cover values using a standard least squares model
incorporating habitat type, rooting disturbance, and their potential interaction. Where
significant differences were indicated, the Tukey-Kramer “Honestly Significant
Difference” (HSD) test based on Least Squares Means (LSM) differences was used to
examine multiple comparisons at the

= 0.05 level, and in a few cases for

= 0.10. A

contingency analysis was also used to further investigate coarse woody debris
presence/absence within and adjacent to rooted and non-rooted photo-quadrats. A
factorial multivariate analysis of variance (MANOVA) was used to examine species
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assemblage composition based on habitat, rooting, and their potential interaction.
Specific comparisons in this case were evaluated using canonical centroid distributions
and contrast specification at

= 0.05. Cumulative species richness by habitat type and

recent rooting activity, as well as K-dominance plots (Platt et al. 1984), were used to
evaluate and compare species diversity. K-dominance plots rank species by abundance
(cover in this case) along the x-axis (log scale) and cumulative percent abundance (cover)
on the y-axis. K-dominance plots allow visualization of species evenness and richness
across the entire distribution of species occurrences, including common to rare species.
When viewing K-dominance plots, groups of species with curves that fall further to the
right and below other groups of species are considered more diverse.

Results

Major ground cover category results (Figure 3-2a) indicated similar values for all three
floodplain habitats without recent rooting (30-43% total vegetation cover; 57-69% cover
of leaf litter and fine woody debris; little to no CWD; and no bare soil and exposed
roots). Pine flatwoods without recent rooting differed from the floodplain habitats by
having much lower vegetation cover (4%) and higher leaf litter (95%), consisting mainly
of pine needles. Similar to the floodplain habitats, pine flatwoods without recent rooting
had little CWD (<1%) and no bare soil and exposed roots.
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Major ground cover category results for recently rooted quadrats were similar across all
four habitats (Figure 3-2b), indicating lower total vegetation cover (1-14%) and lower
leaf litter cover (30-57%) across habitats, as compared to areas without recent rooting.
Differences in total vegetation cover with and without recent rooting were greatest for
bottomland hardwoods and seepage forest (30-31% lower for recent rooting), with
smaller differences for cypress-tupelo (16% lower for recent rooting). The largest
difference in values for leaf litter occurred in pine flatwoods (38% lower for recent
rooting). Cypress-tupelo and seepage forest had similar differences in leaf litter (27-29%
lower for recent rooting), and bottomland hardwoods the least difference (19% lower for
recent rooting). Cover of bare soil and exposed roots was strikingly greater for recently
rooted quadrats across all habitats (42-54% versus 0%). There was also somewhat greater
occurrence of CWD within recently rooted quadrats, though at low cover values (0-3%).

Statistical results for total vegetation cover (Table 3-1) and leaf litter and fine woody
debris cover (Table 3-2) indicated highly significant effects of both habitat and recent
rooting for both variables, with no significant interactions. All three floodplain habitat
types were similar and had significantly greater total vegetation cover and significantly
lower leaf litter cover as compared to pine flatwoods. Areas without recent rooting had
significantly greater total vegetation cover and significantly greater leaf litter cover as
compared to recently rooted areas.

87

Initial statistical test results for CWD cover were not significant, with no significant
effects for habitat, recent rooting, or their interaction (Table 3-3). However, the effect of
recent rooting on CWD cover was bordering on marginal significance (p = 0.10), and it
was thought there might be some relationship between wild pig rooting and the presence
of CWD that was not being effectively evaluated. For instance, there were many
qualitative observations of wild pigs rooting in and around CWD in the larger plot study
(prior chapter). In addition, quadrat placement on the substrate and quadrat size might not
have effectively captured the presence of CWD, rooting activity may move and break up
CWD, and rooting activity may occur under or adjacent to CWD, obscuring either from
view within a photo-quadrat. Therefore, an additional test was devised that examined the
presence/absence of CWD occurring within or adjacent to the quadrats examined (Table
3-4). Quadrats with recent rooting were associated with CWD in 29% of cases (mainly
downed CWD). In contrast, quadrats without recent rooting were associated with CWD
in only 8% of cases. Statistical analysis of these results indicated a significantly greater
association between recent rooting and CWD, as compared to areas without recent
rooting.

Statistical results for bare soil and exposed root cover indicated a highly significant effect
of recent rooting, with no significant effects for habitat type or the interaction (Table 35). Areas with recent rooting had significantly greater cover of bare soil and exposed
roots as compared to areas without recent rooting.
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Cumulative species richness for areas without recent rooting (Figure 3-3) was higher for
bottomland hardwoods and seepage forest (8 species each), intermediate for cypresstupelo (5 species), and lowest for pine flatwoods (3 species). Cumulative species richness
for areas with recent rooting (Figure 3-3) was lower for bottomland hardwoods (4
species) and pine flatwoods (2 species), higher for cypress-tupelo (7 species), and the
same for seepage forest (8 species), as compared to areas without recent rooting.

Since somewhat different patterns in species richness were observed among habitats
when comparing quadrats with and without recent rooting, species richness values were
also examined by habitat for all quadrats combined (Figure 3-3). Cumulative species
richness values were also tallied by rooting status for all habitats combined. The numbers
of species that were unique to the recently rooted quadrats were also considered, as were
the number of species unique to areas without recent rooting. Combined cumulative
species richness values for the floodplain habitats were somewhat similar, with the
highest value for seepage forest (11 species), followed by cypress-tupelo (9 species), and
bottomland hardwoods (8 species). Pine flatwoods had a lower combined cumulative
species richness value than the floodplain habitats (4 species). Bottomland hardwoods
had no unique species from the recently rooted quadrats and four unique species from
areas without recent rooting. Cypress-tupelo and seepage forest had four and three unique
species in recently rooted quadrats, and two and three unique species in areas without
recent rooting, respectively. Pine flatwoods had one unique species from recently rooted
quadrats, and two unique species in areas without recent rooting (note that pine flatwoods
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also had fewer total quadrats, due to the absence of rooting in one plot). Overall,
combining all habitats, there were 16 species recorded for quadrats without recent
rooting; 13 species recorded for quadrats with recent rooting; and 25 species recorded in
total. There were nine unique species from recently rooted quadrats, and 12 unique
species from areas without recent rooting, across all habitats.

K-dominance plots (Figure 3-4) for the floodplain habitats with and without recent
rooting indicated somewhat similar species diversity across several combinations of
habitat and rooting, as well as some distinct differences among and within habitats.
Among floodplain habitats without recent rooting, cypress-tupelo had the highest
diversity through the first three species encountered (roughly half of the K-dominance
distribution), followed by bottomland hardwoods and then seepage forest. Beyond the
first three species, bottomland hardwoods had the greatest diversity, and cypress-tupelo
the lowest (including fewer species, as described above). Among habitats with recent
rooting, seepage forest had the greatest diversity, followed by cypress-tupelo, and then
bottomland hardwoods. Seepage forest with rooting also had the highest diversity overall
compared to all other combinations of habitat and rooting status. Bottomland hardwoods
with recent rooting had the lowest diversity values overall among the floodplain habitats.
Within habitat, diversity was lower for recently rooted areas in bottomland hardwoods,
roughly equivalent for areas with and without recent rooting in cypress-tupelo (switching
beyond the third species encountered), and higher for recently rooted seepage forest as
compared to seepage forest without recent rooting.
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Graphical results for understory species composition (Figure 3-5) included “dominant”
species defined as those with mean percent cover values of at least 1% for at least one
combination of habitat and rooting status, with an emphasis on herbaceous species and
low shrubs (<1 m), and excluding woody vines that were less associated with particular
habitat and substrate conditions (and had generally low cover values), and excluding the
very few tree seedlings and tall shrubs that were recorded. Woody vine, tree seedling, and
tall shrub occurrence and cover values are noted below for reference.

Species composition by percent cover for areas without recent rooting (Figure 3-5a)
indicated that the understory in bottomland hardwoods consisted of caric sedges (Carex
L.), mainly hop sedge (Carex lupulina Muhl. ex. Willd.) with several other Carex species
possibly occurring as well (25% combined), giant cane (Arundinaria gigantea [Walter]
Muhl.) (6%), smallspike false nettle (Boehmeria cylindrica [L.] Sw.) (2%), and Indian
woodoats (Chasmanthium latifolium [Michx.] Yates) (1%). Basketgrass (Oplismenus
hirtellus [L.] P. Beauv.) was also observed in bottomland hardwoods quadrats without
recent rooting. Woody vines included eastern poison ivy (Toxicodendron radicans [L.]
Kuntze) (2%), greenbrier (Smilax L.) (1%), and muscadine grape (Vitis rotundifolia
Michx.) (<1%). Tree seedlings were not present in the quadrats. Nepalese browntop
(Microstegium vimineum [Trin.] A. Camus), an exotic invasive species, was also
documented in the bottomland hardwood plots, but not specifically in areas either with or
without recent rooting.
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Cypress-tupelo areas without recent rooting were somewhat similar to bottomland
hardwoods with an understory including caric sedges, primarily hop sedge (13%), as well
as giant cane (8%), but with the addition of savannah-panicgrass (Phanopyrum
gymnocarpon [Elliot] Nash) (7%). Aquatic milkweed (Asclepias perennis Walter) was
also observed in cypress-tupelo quadrats without recent rooting. Netted chainfern
(Woodwardia areolata [L.] T. Moore) was observed in cypress-tupelo plots, but not in
the quadrats. Minor numbers of oak seedlings were recorded for cypress-tupelo quadrats
without recent rooting (<1% cover). The woody vines Virginia creeper (Parthenocissus
quinquefolia [L.] Planch.) and greenbrier were also observed. Nepalese browntop was
also documented in the cypress-tupelo plots, but not specifically in areas either with or
without recent rooting.

The understory in seepage forest areas without recent rooting was quite different from
bottomland hardwoods and cypress-tupelo, consisting of species not generally found in
the other habitat types: coastal doghobble (Leucothoe axillaris [Lam.] D. Dom) (31%);
netted chainfern (7%); caric sedges, primarily prickly bog sedge (Carex atlantica L.H.
Bailey) and brome-like sedge (Carex bromoides Schkuhr ex Willd.) (1%); and sphagnum
moss (Sphagnum L.) (1%). In addition, lizard’s tail (Saururus cernuus L.) was observed
at low abundance in areas without recent rooting, but not in the quadrats. Red maple
(Acer rubrum L.) (<1%), American holly (Ilex opaca Aiton) (1%, subcanopy stems), and
wax myrtle (Morella cerifera [L.] Small) (<1%, tall shrub) were also recorded in seepage
forest quadrats without recent rooting. Cinnamon fern (Osmunda cinnamomea L.), regal
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fern (Osmunda regalis L.), and Carolina birds-in-a-nest were also commonly observed in
seepage forest, but not specifically in areas either with or without recent rooting. Carolina
birds-in-a-nest, a state-listed and globally imperiled species of conservation interest, was
found in two of the three seepage forest plots (plots H14 and H15; 20-659 stems/1,000 m2
depending on plot and year; 197 stems/1,000 m2 average density).

Pine flatwoods did not have any understory species meeting the above criteria, and
therefore had no entries in Figure 3-5, either for areas with or without recent rooting. A
few small individual oak, American holly, and sweetgum (Liquidambar styraciflua L.)
seedlings were recorded for pine flatwoods quadrats without recent rooting (<1-1%).
Greenbrier was also recorded for quadrats with recent rooting (<1%).

Species composition by percent cover for areas with recent rooting (Figure 3-5b)
indicated that the understory in bottomland hardwoods was similar to areas without
recent rooting in having the same two species with the greatest cover values, but different
in that cover values for these species were much lower, caric sedges (3%) and giant cane
(2%), and that there were two fewer herbaceous species with percent cover values
reaching 1% (smallspike false nettle was still present, but at <1% cover). Greenbrier was
also present (<1%).

In contrast, although cypress-tupelo areas with recent rooting had much lower values for
caric sedges (4%) and lacked giant cane entirely, the cover of savannah-panicgrass in
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recently rooted areas was slightly higher (8%), and two additional species had cover
values at 1%, smallspike false nettle and Virginia dayflower (Commelina virginica L.),
when compared to areas without recent rooting. Lizard’s tail also occurred in recently
rooted cypress-tupelo quadrats (<1%). Greenbrier was also present (<1%).

Similarly, although seepage forest with recent rooting had much lower values for coastal
doghobble (1%), and somewhat lower values for netted chainfern (3%), cover by caric
sedges was the same (1%), sphagnum moss was higher (4%), and lizard’s tail (3%) was
higher, when compared to areas without recent rooting. Greater marsh St. Johnswort
(Triadenum walteri [J.G. Gmel.] Gleason) was also present in the seepage quadrats with
recent rooting (<1%). Virginia sweetspire (Itea virginica L.) was also observed (<1%, tall
shrub). Carolina birds-in-a-nest was also observed in areas with recent rooting. Similar to
cases without recent rooting, seepage forest with recent rooting had a much different
species composition as compared to bottomland hardwoods and cypress-tupelo.

Overall, within habitat type, recently rooted areas were somewhat similar in species
composition to areas without recent rooting, but each habitat generally had lower cover
values for the most dominant species observed in the absence of recent rooting. In
addition, recently rooted areas had a slightly greater number of dominant species in two
cases (cypress-tupelo and seepage forest), and had a more even species distribution in one
case (seepage forest), when compared with areas without recent rooting.
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Statistical tests for individual understory “dominant” species, as well as the multivariate
analysis of species composition (Tables 3-6 through 3-13), were limited to species with at
least 3% cover for at least one combination of habitat and rooting status. In addition, due
to very low vegetation cover and the lack of “dominant” understory species, pine
flatwoods quadrats were omitted from these tests, with the recognition that pine
flatwoods clearly differed in species composition as compared to habitats on the
floodplain. The 3% cover threshold limited the number of species considered to seven,
and in combination with omitting pine flatwoods, also ensured that the number of
dependent variables (species) in the multivariate analysis was smaller than the number of
cases for each combination of habitat and rooting (as recommended by Tabachnick and
Fidell 1989).

Statistical tests for caric sedge cover were significant and indicated significant effects of
habitat and recent rooting, with no significant interaction (Table 3-6). Bottomland
hardwoods had significantly greater caric sedge cover than seepage forest, while cypresstupelo was not significantly different than the other two floodplain types. Areas without
recent rooting also had significantly greater caric sedge cover than recently rooted areas.

Statistical tests for giant cane cover were not significant, although both bottomland
hardwoods and cypress-tupelo contained giant cane while seepage forest did not (Table
3-7). Areas without recent rooting also had greater giant cane coverage than areas with
recent rooting; however, the difference was not significant.

95

Statistical tests for savannah-panicgrass were highly significant and indicated a highly
significant effect of habitat, with no significant effect of recent rooting and no significant
interaction (Table 3-8). Cypress-tupelo swamp had significantly greater coverage by
savannah-panicgrass than both bottomland hardwoods and seepage forest, each of which
had no occurrences of this species.

Statistical tests for coastal doghobble were highly significant and indicated highly
significant effects of habitat, recent rooting, and a habitat * rooting interaction (Table 39). Seepage floodplain forest had significantly greater coverage of coastal doghobble than
both bottomland hardwoods and cypress-tupelo swamp, each of which had no
occurrences of this species. Areas without recent rooting also had significantly greater
coverage by coastal doghobble compared to recently rooted areas. Additionally, the
interaction indicated that seepage forest without recent rooting had significantly greater
coverage by this species than all other combinations of habitat and rooting status,
including recently rooted seepage forest.

Statistical tests for netted chainfern were marginally significant, with a significant effect
of habitat, no significant effect for recent rooting, and no significant interaction (Table 310). Seepage floodplain forest had significantly greater coverage of netted chainfern than
either bottomland hardwoods or cypress-tupelo swamp.
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Statistical test results for lizard’s tail were marginally significant, with a marginally
significant effect of recent rooting, no significant effect of habitat, and no significant
interaction (Table 3-11). Presence of this species in the quadrats was limited to recently
rooted areas in seepage forest and cypress-tupelo.

Statistical test results for sphagnum moss were highly significant, with a highly
significant effect of habitat type, a marginally significant effect of recent rooting, and a
marginally significant habitat * rooting interaction (Table 3-12). Seepage floodplain
forest had significantly greater coverage of sphagnum moss than either bottomland
hardwoods or cypress-tupelo swamp, each of which had no occurrences of this species.
Areas with recent rooting had greater coverage of this species than areas without. The
interaction indicated that seepage forest with recent rooting had greater coverage by this
species than all other combinations of habitat and rooting status, including seepage forest
without recent rooting.

The multivariate comparison of species composition, combining the seven species
individually addressed above, was highly significant, with a highly significant effect of
habitat, a significant effect of recent rooting, and a significant habitat * rooting
interaction (Table 3-13). All three floodplain habitats considered overall were
significantly different from each other in combined species composition. Recently rooted
areas and areas without recent rooting were significantly different in species composition
overall.
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In terms of the habitat * rooting interaction for multivariate species composition, all three
floodplain habitats were significantly different from each other when comparing areas
that were not recently rooted, although differences in bottomland hardwood and cypresstupelo were marginally significant. Species composition for recently rooted areas in
bottomland hardwoods and cypress-tupelo did not differ; however, each was significantly
different than seepage forest with recent rooting. Within habitat type, species
composition for seepage forest differed for areas with and without recent rooting;
however, this was not the case for bottomland hardwoods or cypress-tupelo. In total,
bottomland hardwoods and cypress-tupelo were the most similar in species composition,
though still different from each other when not recently rooted. Also, recent rooting did
not significantly effect species composition within bottomland hardwoods or cypresstupelo. In contrast, seepage forest was the most divergent in species composition from the
other two floodplain habitat types, and also differed within habitat type for areas with and
without recent rooting.

Based on review of canonical centroid distributions for the habitat * rooting interaction
from the multivariate assessment, the following patterns were evident: (1) cypress-tupelo
distributions with and without recent rooting were the most similar among all
distributions, followed closely by bottomland hardwoods with recent rooting, all of which
were primarily overlapping (similar and non-significant); (2) bottomland hardwoods
without recent rooting were somewhat divergent from the prior grouping, but still had
considerable overlap, differing most with cypress-tupelo with recent rooting
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(significantly different), next with cypress-tupelo without recent rooting (marginally
significant), and differing more with bottomland hardwoods with rooting (though not
significant) than for the same comparison within cypress-tupelo; (3) seepage forest with
recent rooting was more divergent from these prior groups (significantly different in all
cases), but was still overlapping with them all; and, (4) seepage forest without recent
rooting was by far the most divergent case, with no overlap with and widely separated
from all the prior groupings.

Discussion

There were clear differences in ground cover characteristics between the floodplain
habitats as compared to the adjacent pine flatwoods, particularly for vegetation cover and
leaf litter. As expected, pine flatwoods had very low understory vegetation cover values,
even for areas without recent wild pig rooting, and very high leaf litter coverage,
primarily consisting of pine needles. Understory species richness was also quite low, and
lower for pine flatwoods as compared to the floodplain habitats. With very low
vegetation cover and few to no understory species with cover values above 1%, there was
not much to compare in terms of species composition for the pine flatwoods versus the
floodplain habitats. Needless to say, understory species composition in the pine flatwoods
was different than in the floodplain habitats, primarily in the paucity of its understory
vegetation. These results for pine flatwoods were likely due to former agricultural use
and pine plantation management and the lack of periodic fire or other disturbance in these
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areas (Hedman et al. 2000, Walker and Silletti 2006). Compared to the floodplain, the
pine flatwoods sites also have lower levels of other sources of periodic disturbance which
are limited to or more common on the floodplain, such as periodic flooding, windthrown
trees, and wild pig rooting (previous chapter).

The pine flatwoods areas examined were prescribed burned shortly after the data
presented here were collected, however, burn coverage and effectiveness were relatively
poor to moderate, and little change in ground cover characteristics were qualitatively
observed over the following years. Prior to this, there had been little to no recent history
of fire in the areas examined. Longer term use of periodic prescribed fire, including
mixed season and perhaps mixed interval burning, in combination with other restoration
and habitat management methods such as pine thinning, control of woody competition,
and control of exotic species, may be required to substantially change the ground cover
characteristics in these pine flatwoods sites. Planting of longleaf pine (Pinus palustris
Mill) would also be recommended, as this species does not generally occur in the former
planted pine stands. In contrast, a few small remnant patches of naturally regenerated,
open, relatively mature mixed longleaf and loblolly pine (P. taeda L.) flatwoods at the
park have been maintained with periodic prescribed fire. These areas have high cover
values for herbaceous understory species and are dominated by little bluestem
(Schizachyrium scoparium [Michx.] Nash) mixed with various other herbaceous species
characteristic of open pine woodlands (TNC 2000). These remnant patches may represent
examples of desired target conditions for restoration of pine flatwoods sites in the park.
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In contrast to the pine flatwoods, the floodplain habitats had relatively high total
vegetation cover, and were similar to each other in terms of general ground cover
characteristics (total vegetation, leaf litter and fine woody debris, CWD, bare soil and
exposed roots). The vegetation cover values observed for areas without recent rooting
were somewhat unanticipated, as these are generally higher than typically expected for
mature floodplain forests, which are often noted for their lack of understory vegetation
(Dennis 1973, Conner et al. 1981, Wharton et al. 1982, Mitsch and Gosselink 2000,
Conner and Buford 1998, Kellison et al. 1998, Conner and Sharitz 2005). A lack of
significant understory vegetation is particularly characteristic of mature cypress-tupelo
swamps; however, this was not the case in this study. In addition, the similarities in total
understory vegetation cover among bottomland hardwoods and cypress-tupelo was
unexpected, as it was thought that bottomland hardwoods would have higher values than
cypress-tupelo due to greater flooding frequency, duration, and depth typical for cypresstupelo swamps. Conner and Day (1976) for instance, reported herbaceous understory
biomass to be an order of magnitude greater in bottomland hardwoods than in cypresstupelo swamp. Similarly, Flinchum (1977) saw greater percent cover and biomass of
understory vegetation in sites that were less frequently flooded among bottomland
hardwoods and swamp forests. Grell et al. (2005) reported that herbaceous understory
species in an old-growth floodplain tract were more prevalent in higher elevation classes.
In comparison, total understory vegetation cover in the seepage forest was not as
unexpected, since this habitat type in many ways resembles a floodplain variety of a
seepage bog, with high cover of woody evergreen shrubs.
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The relatively high understory vegetation cover observed on the floodplain, especially in
cypress-tupelo, may be explained by several potential factors, perhaps acting
synergistically, including the long-term drought, lack of or reduced flooding, annual
canopy defoliation by forest tent caterpillars, wild pig rooting, and perhaps past hurricane
disturbance (Hurricane Hugo in 1989). The drought and reduced flooding resulted in the
lack of typical annual flooding in bottomland hardwoods over several years, and reduced
flooding in cypress-tupelo with long dry down periods when the substrate was exposed.
Reduced physical flooding disturbance and associated erosion and sedimentation, as well
as reduced water levels and length of inundation in cypress-tupelo habitats would not
have limited understory vegetation development or persistence during this period. In the
case of cypress-tupelo, it appeared that there was perhaps a stimulation of herbaceous
wetland vegetation in response to drought and dry down over the preceding late-spring
and summer (Figure 3-1), similar to what is observed for shallow lakes and marshes,
either naturally or under water level management (Kadlec 1962, Greening and Gerritsen
1987, Gerritsen and Greening 1989). Dry down conditions would expose the substrate to
seed colonization and stimulate germination and new growth from the existing seedbank
and herbaceous root stocks that would not occur under flooded conditions (Gerritsen and
Greening 1989). In addition, dry down can also stimulate herbaceous growth due to
nutrient transformation and mobilization (Kadlec 1962, Gerritsen and Greening 1989).
Furthermore, during much of the drought, cypress-tupelo was the only habitat on the
floodplain that experienced periodic flood subsidies/pulses (Conner and Day 1976, Junk
et al. 1989) of energy, water, nutrients, etc., which may have contributed, in combination
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with other factors, to similar herbaceous cover (and perhaps similar or greater herbaceous
productivity) in cypress-tupelo as compared to bottomland hardwoods.

Forest tent caterpillar (Malacosoma disstria Hubner) outbreaks and defoliation events in
forested swamps are somewhat well known for Louisiana, where they have occurred
annually for decades and can result in widespread, complete canopy defoliation over
hundreds of thousands of hectares per year (Conner and Day 1976, 1992, Conner et al.
1981, Souther-Effler 2004, Effler et al. 2006, 2007). Though less well-known, forest tent
caterpillar outbreaks also occur in South Carolina swamps, and were observed in cypresstupelo areas at Congaree, causing canopy defoliation of water tupelo (Nyssa aquatica L.)
trees during the spring months preceding the sampling period. The extent and severity of
forest tent caterpillar outbreaks and degree of defoliation can vary. The 2000 outbreak
associated with this study was relatively large, affecting roughly 104,409 hectares
(258,000 acres) in South Carolina, with the worst canopy defoliation occurring in four
river basins including the Congaree River (USFS 2001). It is likely this defoliation event
increased light penetration to the forest floor, resulting in increased cover of herbaceous
understory vegetation in cypress-tupelo areas, especially when combined with lower
water levels and dry down as a result of the drought. In addition, forest tent caterpillar
defoliation events may result in increased nutrient inputs to floodplain soils beneath the
affected trees and canopy, due to litterfall and insect frass (Effler et al. 2006, 2007). This
could have also contributed to increased growth and cover of herbaceous understory
vegetation, especially in combination with other factors.
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Wild pig rooting is abundant throughout forested floodplain habitats in the park, and can
be particularly dense in cypress-tupelo areas during low water levels (Chapter 2).
Although recently rooted areas have lower levels of understory vegetation cover
compared to areas without recent rooting, the duration of this condition is not necessarily
permanent, and may be relatively short term in some cases. The persistence of rooting
sign, for instance, averaged 3-4 months for bottomland hardwoods and cypress-tupelo
areas (Chapter 2), with disappearance of rooting sign related to vegetation re-growth, leaf
fall, flooding, and depth of rooting. Since wild pigs have likely been present in Congaree
Swamp for nearly 500 years (Chapter 1) and levels of disturbance are relatively high, at
least periodically, it is likely that the present condition of vegetation for the entire
Congaree floodplain includes the influence of past wild pig disturbance.

It is possible that wild pigs completely turn over much of the floodplain forest soil
surface and leaf litter over the course of several years or less, particularly in bottomland
hardwoods and cypress-tupelo areas during low water periods. Thus, it is likely that areas
identified as not recently rooted in the present study were still influenced by wild pig
rooting in the past, even as short as several months prior to the start of the study. Periodic
turning of the soil by wild pigs could potentially stimulate or maintain the growth of
herbaceous vegetation, contributing to the relatively high cover values observed,
especially for cypress-tupelo. Wild pig rooting could increase herbaceous cover and
growth in a variety of ways, including but not limited to: working organic matter,
nutrients, and seeds into the soil; decreasing soil bulk density; aerating the soil; breaking
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down organic matter; transforming and mobilizing nutrients; bringing seed bank sources
to the surface; reducing woody plant competition; and exposing fresh substrate to seed
and vegetative colonization. As an example, stimulation of organic matter decomposition,
increased soil nutrient transformation and mobilization, and decreased soil bulk density
as a result of wild pig rooting have been described for mesic forests of Great Smoky
Mountains National Park (Lacki and Lancia 1983, Singer et al. 1984). Wild pig rooting
during drought conditions was also suspected of potentially exposing mineral soil and
herbaceous seed banks and increasing direct soil insolation in flatwoods marshes of
southwest Florida (Winchester et al. 1985). Hog rooting associated with drought and low
water levels in floodplain marshes in Florida was also thought to affect soil moisture
characteristics, break up organic matter on the marsh surface, expose soils, and increase
insolation, possibly triggering seed germination (Arrington et al. 1999). Wild pig rooting
could potentially act in combination with lower water levels and dry down periods during
drought, as well as forest tent caterpillar canopy defoliation in spring, to produce the
relatively high levels of herbaceous ground cover reported for cypress-tupelo swamps in
this study.

Finally, it is possible that the past effects of Hurricane Hugo (1989) may also have
influenced the floodplain understory vegetation cover values observed for bottomland
hardwoods and cypress-tupelo. Although the floodplain study plots used for this study
were located outside of major hurricane damage areas (Chapter 2), and represented
mature to old-growth closed canopy floodplain forest, it is possible that decreased canopy
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density and increased light gaps were present due to the hurricane eleven years prior (see
Putz and Sharitz 1991), resulting in increased light penetration to the forest floor.

The same factors above (drought, low water levels, forest tent caterpillar canopy
defoliation, wild pig rooting, hurricanes), as well as periodic flood disturbance and
floodwater dispersal in non-drought years, could potentially influence the spread and
herbaceous cover of exotic and nuisance plant species. Nepalese browntop, for instance,
was described as potentially spreading throughout the park during the same time period
as this study (Gaddy et al. 2000), and was documented within the bottomland hardwoods
and cypress-tupelo study plots. Arrington et al. (1999) made a similar point, indicating
that if extended dry conditions and lack of flooding were to persist in the floodplain
marshes they studied, then continued hog rooting could provide conditions conductive to
the invasion and persistence of exotic and nuisance plant species. Wild pigs are reported
to contribute or potentially contribute to the invasion or spread of exotic plant species in
several other locations, including coastal grasslands in California (Kotanen 1995,
Cushman et al. 2004) and various habitats in Florida and Hawaii (Singer 1981,
Simberloff et al. 1997).

The greater association of CWD (mainly downed CWD) with recently rooted areas
confirmed qualitative observations in the field of frequent wild pig rooting under, around,
and into downed trees, logs, snags, and accumulations of woody flood debris (Chapter 2).
Similarly, Henry and Conley (1972) and Singer et al. (1984) noted frequent hog use of
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CWD in the southern Appalachian mountains, including Great Smoky Mountains
National Park. Singer et al. (1984) reported that 67% of downed branches and logs in
intensively rooted areas had been moved by pigs, and another 10% were broken apart by
pig rooting. The association of rooting with CWD makes sense in consideration of the
general abundance of CWD in mature and old-growth floodplain forests, including
Congaree Swamp (Thompson 1998, Cromer et al. 2007), and the many potential food
resources associated with CWD, including macroinvertebrates (worms, snails, insects,
crustaceans, etc.), reptiles and amphibians, small mammals, birds (including ground
nests), fungi, mosses, ferns, and other herbaceous vegetation (Dennis and Batson 1974,
Schneider and Sharitz 1986, McMinn and Crossley 1996, Braccia and Batzer 2001,
Cromer et al. 2007, Hinkelman and Loeb 2007). Higher moisture levels typically
associated with CWD, especially important during drought conditions, could also relate
to CWD debris use by hogs, directly and indirectly through the influence of moisture
availability on animal and plant distribution and abundance (potential prey/food
resources). In turn, it is possible that high levels of hog disturbance and predation in
CWD areas could effect animal and plant populations and assemblages associated with
these microhabitats, especially for species closely or uniquely associated with or
dependent on CWD. Though not directly related to CWD, two small mammals, the
southern red-backed vole (Clethrionomys gapperi Vigors) and the northern short-tailed
shrew (Blarina brevicauda Say) were largely eliminated from areas with intense pig
rooting in Great Smoky Mountains National Park (Singer et al. 1984). The related
southern short-tailed shrew (B. carolinensis Bachman) and the southeastern shrew (Sorex
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longirostris Bachman) have been shown to be associated with CWD at Congaree Swamp
(Cromer et al. 2007). Similarly, many small herpetofauna in floodplain forests are
associated with CWD (Jones and Taylor 2005). Again, though not directly related to
CWD, two recent papers describe potential influences of wild pig rooting on
herpetofauna declines in southeastern forested wetlands and associated habitats (Dodd et
al. 2007, Means and Travis 2007).

Species diversity, in terms of species richness and the combination of species richness
and evenness (K-dominance plots), was somewhat similar among habitats on the
floodplain but with some unexpected observations. Understory vegetation diversity in
bottomland hardwoods was not generally greater than in cypress-tupelo swamp.
Likewise, recently rooted areas were not generally less diverse than areas without recent
rooting. The expected pattern among habitats held for species richness without recent
rooting (e.g., herbaceous species richness for bottomland hardwoods exceeding cypresstupelo, similar to observations by Schneider and Sharitz (1986)), but did not hold for
overall diversity or for habitat comparisons with recent rooting. The expected pattern
within habitats for areas with and without recent rooting held only for bottomland
hardwoods (lower species richness and diversity with rooting), similar to reported
observations for mesic hardwoods in Great Smoky Mountains National Park (Bratton
1975). Surprisingly, within habitat, species richness was greater for cypress-tupelo areas
with recent rooting, species diversity was similar among cypress-tupelo areas with and
without recent rooting, and species diversity was the greatest within seepage forest with
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recent rooting (due to greater species evenness). Seepage forest with recent rooting also
had the greatest species diversity overall, among all combinations of habitat type and
recent rooting status. The addition of several species to the cumulative species counts for
cypress-tupelo and seepage forest in recently rooted areas was also interesting. These
various observations are particularly noteworthy since the species documented for
recently rooted areas would not be characterized as “weedy” or ruderal relative to other
species generally found in these habitats.

Some of the species richness and diversity observations, particularly the unexpected
results for cypress-tupelo as compared to bottomland hardwoods, may relate to the same
factors potentially contributing to total vegetation cover, as discussed above (drought,
lack of flooding, forest tent caterpillar canopy defoliation, wild pig rooting, and
hurricanes). Wild pig rooting, alone or in combination with other factors, could
potentially contribute to understory plant diversity (richness and evenness), as a periodic
disturbance agent acting on soils, leaf litter, and vegetation, especially in combination
with drought and low water levels, as has been observed or suggested elsewhere for
southeastern non-forested wetland systems (Kirkman and Sharitz 1994, Arrington et al.
1999). Wild pig rooting has also been reported to increase plant species richness in mesic
coastal grasslands in northern California (Kotanen 1995, Cushman et al. 2004). In
addition, a species-area effect could have also been operating, resulting in the additional
species observed for cypress-tupelo and seepage forest when all quadrats were combined
(e.g., greater number of quadrats, larger area sampled, greater number of species).
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Still another possible factor contributing to the species diversity observations could
involve microhabitat selection or preferences by wild pigs when rooting, particularly in
seepage forest, but perhaps in cypress-tupelo as well. Wild pigs may have been rooting
preferentially in small wet depressions within seepage forest characterized by a greater
abundance and diversity of herbaceous species and less dominated by woody shrubs. The
evergreen shrub coastal doghobble dominates the understory across large areas of
seepage forest, forming dense stands of low woody shoots and a lattice-like network of
woody shallow roots. Hogs may be less capable and/or less interested in rooting where
doghobble dominates, due to physical constraints of the dense above and below-ground
vegetation and/or food preferences associated with wetter soils and greater herbaceous
vegetation. Thus, recent rooting may not have necessarily caused or influenced
differences in species diversity, but instead, pigs may have been responding to
microhabitat differences that include wetter soils and a more diverse, more herbaceous,
vegetation assemblage. Over the long term, if wild pigs create, enhance, and/or maintain
these low wet depressions through their disturbance activities (Chapter 2), then pig
rooting might both act to enhance understory species diversity and may occur in response
to it as well. Arrington et al. (1999) observed that wild pig rooting during low water
levels in floodplain marsh habitats in Florida enhanced microhabitat diversity and
microtopography, including the formation of open patches in vegetation and small open
water areas, and the creation of small depressions and mounds, contributing to
herbaceous species richness. The potential association of microhabitat variation,
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herbaceous species diversity, and hog activity also relates to species composition, treated
below.

Overall, there were some clear differences in species composition among the floodplain
habitats and between areas with and without recent rooting, for several individual species,
as well as for the multi-species assemblages, as was expected. The understory vegetation
assemblages in bottomland hardwoods and cypress-tupelo were both characterized
primarily by herbaceous sedges and grasses with some forbs present as well (although a
tall grass with herbaceous leaves, giant cane can also be considered a “weakly woody”
shrub). In contrast, seepage forest was strongly dominated by a low woody shrub in areas
without recent rooting. Seepage areas both with and without rooting also had a mixture of
herbaceous ferns, forbs, sedges, and Sphagnum moss occurring as well. Cypress-tupelo
understory vegetation was more characterized by obligate wetland species, as compared
to bottomland hardwoods, which was characterized by a combination of facultative
wetland and obligate wetland species. Seepage forest also included obligate and
facultative wetland species, however, areas with recent rooting were much less
dominated by the primary facultative wetland species occurring in seepage areas (coastal
doghobble), supporting the idea that rooting may have been focused in wetter areas.
Bledsoe and Shear (2000), examining small blackwater creek floodplains with seepage
influence, indicated that coastal doghobble was dominant in the understory at slightly
higher elevations; while Sphagnum moss, netted chain fern, and lizard’s tail were more
abundant at slightly lower elevations. The same type of relationship may also have
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occurred to a lesser extent for cypress-tupelo swamp, where recently rooted areas lacked
giant cane, a facultative wetland species more frequently associated with higher elevation
bottomland hardwood features.

Although bottomland hardwoods and cypress-tupelo were different in understory species
composition, they more similar to each other than they were to seepage forest, which was
more divergent or distinct, comparatively, as was expected based on the substantially
different characteristics of this habitat type. As discussed previously, the seepage forest is
characterized by groundwater-dominated hydrology (seepage), less frequent river
flooding, perennially saturated conditions, and muck soils as compared to bottomland
hardwoods and cypress-tupelo, which are both characterized by periodic river flooding
and loamy soils.

Habitat seemed to have a stronger influence on species composition differences as
compared to recent rooting or the habitat * rooting interaction. Habitat may have had a
stronger influence due to major differences in hydrology, landforms, soils, and the fact
that wild pig rooting is widespread and abundant in the study area, and likely influences
much of the entire floodplain over time, including areas which were not recently rooted.
The “influence” of recent rooting was more pronounced for seepage forest, in general and
as indicated by the habitat * rooting interaction, as observed across several species as
well as for the multivariate assemblage. In contrast, within bottomland hardwoods and
cypress-tupelo, recent rooting did not strongly influence species composition. It is
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possible that widespread, abundant, and frequent rooting on the floodplain, within
bottomland hardwoods (in general) and cypress-tupelo (during drought), has influenced
understory composition over time to the extent that recent rooting does not register a
substantial within-habitat effect.

Within seepage forest, differences in understory species composition for areas with and
without recent rooting might point back to microhabitat selection by wild pigs during
rooting, as discussed above under species diversity. If wild pigs selectively root in the
low wet depressions characterized by herbaceous species and greater plant diversity (and
less dominance by low woody shrubs), differences in species composition between areas
with and without recent rooting might really be indicating differences in species
composition among seepage forest microhabitats. However, if rooting by wild pigs
creates, enhances, or maintains the wet depressions in seepage forest, then a rooting
effect would be directly influencing microhabitat diversity and species composition in
this habitat type.

The distribution and abundance of Carolina birds-in-a-nest in seepage forest also seemed
to be associated with wet depressions dominated by herbaceous species and greater plant
diversity, rather than dense shrub cover by coastal doghobble. Similar observations were
made by LeBlond and Sorrie (2002) and K. Weeks (personal communication). Based on
plot stem counts collected during this study (reported above), LeBlond and Sorrie (2002)
estimated the Carolina birds-in-a-nest population size northeast of Cedar Creek to be
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19,000+ stems. Subsequent estimates from 2003-2005 indicate similar to greater
population size for the same location (K. Weeks, personal communication). These
estimates indicate that Congaree Swamp likely has the largest known population of
Carolina birds-in-a-nest among the 36 extant occurrences recorded for this species
(LeBlond and Sorrie 2002). LeBlond and Sorrie (2002) also stated that Congaree Swamp
has one of the largest population areas for this species and also contains one of the best
examples of essential habitat for Carolina birds-in-a-nest.

There has been significant concern that disturbance by wild pigs may be negatively
impacting rare and endangered plant species at Congaree National Park, including
Carolina birds-in-a-nest (Gaddy et al. 2000, LeBlond and Sorrie 2002, K. Weeks personal
communication, NPS personal communication). Possible wild pig selection for wet
depressions when rooting in seepage forest, and the long persistence/greater severity of
rooting in seepage forest compared to other floodplain habitats (Chapter 2), could mean
that wild pig rooting in seepage forest is more abundant and more severe in the same
microhabitat that may be preferred by Carolina birds-in-a-nest. It is certainly possible,
even likely, that hog disturbance negatively impacts individual stems and stem clusters of
Carolina birds-in-a-nest in rooted (and wallowed) seepage areas, at least in the short term.
It is also possible that hog disturbance could have wider, longer-term negative impacts to
Carolina birds-in-a-nest populations and the conservation status of this species. However,
given that wild pigs have been present in Congaree Swamp for hundreds of years, at
relatively high densities, at least during some time-periods (Chapter 2), and given that
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Congaree Swamp has one of the largest and highest quality populations of Carolina birdsin-a-nest, it is also possible that wild pig disturbance does not have a negative effect on
this imperiled species. Possibly to the contrary, if rooting by wild pigs creates, enhances,
or maintains wet herbaceous depressions in seepage forest, then wild pigs could
potentially enhance or even maintain the Carolina birds-in-a-nest population at the park.
A definitive answer on this topic would require further research.

In the absence of recent rooting, all the floodplain habitat types differed from each other.
In contrast, among areas with recent rooting, bottomland hardwoods and cypress-tupelo
were not different. Though different, recently rooted seepage forest was more similar to
bottomland hardwoods and cypress-tupelo as compared to seepage areas without recent
rooting. One possible explanation is that recent rooting may also have a homogenizing
effect on the understory vegetation, lessening differences among habitats, at least for
bottomland hardwoods and cypress-tupelo. Other influences during this study,
particularly the drought and lack of flooding, might also have directly or indirectly
lessened differences in understory species composition among habitats, possibly acting in
combination with recent rooting.

Tree seedlings were largely lacking from the quadrats, therefore, no comparisons could
be made and no conclusions drawn regarding habitat or rooting effects on seedling
recruitment or survival. It is possible that a variety of factors, including widespread and
abundant pig rooting, advanced forest/tree maturity, closed canopy conditions, and low
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seed production or viability may have limited seedling recruitment or survival in the
study area. Other studies have examined this question in bottomland hardwoods at
Congaree Swamp to a limited extent, and have not determined that hog rooting
substantially affects hardwood seedling recruitment or survival (Nix and Barry 1992,
Jones et al. 1994), though this could still be possible. Direct signs of hog predation on
woody seedlings were not observed during this study, however, in several instances
freshly chewed and regurgitated woody “pellets” were observed in mixed bottomland
hardwoods (Chapter 2), indicative of consumption of woody plant material (Wood and
Roark 1980). Mayer et al. (2000) did observe selective depredation on planted hardwood
seedlings by wild pigs in a bottomland hardwoods restoration area on the Savannah River
Site in South Carolina. Chamberlain and Leopold (2005) also saw some wild pig
predation and damage to bottomland hardwood seedlings in reforestation areas, and
indicated that this could be a concern in some instances. Henry and Conley (1972) also
questioned if wild pigs might affect oak regeneration in the southern Appalachian
mountains. Lipscomb (1989) demonstrated the impacts of wild pigs on longleaf pine
regeneration in pine flatwoods at Hobcaw Barony in South Carolina.

In cypress-tupelo swamps, infrequent dry down periods that expose the substrate, during
drought for instance, are typically required for the recruitment of bald cypress (Taxodium
distichum [L.] Rich.) and water tupelo seedlings, as seeds from these species will not
germinate under flooded conditions (Demaree 1932, DuBarry 1963, Conner and Day
1976, Conner et al. 1981, Conner et al. 1986, Schneider and Sharitz 1986, Ewel 1990,
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Keeland and Conner 1999). Despite the long-term drought and extended dry down
conditions, and the presence of bald cypress cones and water tupelo fruit, bald cypress or
water tupelo seedlings were not recorded in the quadrats, and recruitment of bald cypress
and water tupelo seedlings in the larger study plots was not anecdotally observed over a
three-year period (2000-2003). Dense and frequent rooting in cypress-tupelo areas
(Chapter 2) could potentially limit bald cypress and water tupelo recruitment in the study
area, although the evidence for this is only circumstantial. Wood and Roark (1980)
thought that hog rooting could be a major deterrent to cypress regeneration at Hobcaw
Barony in South Carolina. Other factors, including the existence of a mature cypresstupelo canopy and related shading and low light conditions, could also have limited bald
cypress and water tupelo recruitment during this study (Conner et al. 1981). Forest tent
caterpillar defoliation and consumption of flowers could also be limiting water tupelo
seed production and therefore seedling recruitment.

Summary

1) In general, groundcover characteristics and understory vegetation varied among habitat
type and for areas with and without recent wild pig rooting. There were clear differences
in groundcover characteristics and understory vegetation between the wetland floodplain
forests and the adjacent pine flatwoods. In the absence of recent rooting, the wetland
floodplain habitats were characterized by higher understory vegetation cover (30-43%),
lower leaf litter cover (57-69%), and greater species richness (5-8 species) as compared
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to pine flatwoods (4% vegetation cover, 95% leaf litter cover, 3 species). In recently
rooted areas, vegetation cover (1-14%) and leaf litter cover (30-57%) were lower than in
areas without recent rooting and were similar among habitats, with relatively high values
for bare soil and exposed root cover (42-54% versus 0% in areas without recent rooting).
In recently rooted areas, species richness was still greater for the wetland floodplain
forests (4-8 species) as compared to pine flatwoods (2 species).

2) Low vegetation cover and understory species richness in the pine flatwoods were
attributed to former agricultural use and pine plantation management and the lack of
periodic fire. In contrast, a few small remnant patches of naturally regenerated pine
flatwoods at the park have been managed with prescribed fire and had high herbaceous
cover dominated by little bluestem and other herbaceous species. These areas could serve
as targets for pine flatwoods restoration at the park. In relation to ground cover
characteristics, restoration and habitat management activities in former pine plantation
areas would need to include periodic prescribed fire, pine thinning, and control of woody
competition and exotic species. Planting of longleaf pine would also be recommended.

3) Relatively high cover values for understory vegetation in bottomland hardwoods
(36%) and cypress-tupelo swamp (30%) were somewhat unexpected, especially for
cypress-tupelo, which typically has little understory vegetation. These relatively high
vegetation cover values may be explained by several potential factors, perhaps acting in
combination. These potential factors include drought, lack of or reduced flooding, low
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water levels and dry down, annual forest tent caterpillar canopy defoliation (in cypresstupelo), wild pig rooting, and perhaps Hurricane Hugo in 1989.

4) Recently rooted areas had a greater association with CWD (29% incidence) than areas
without recent rooting (8%), confirming field observations of wild pigs rooting around,
under, and into downed logs, snags, and accumulations of woody flood debris. Wild pig
rooting

of

CWD

may

relate

to

potential

food/prey

resources,

including

macroinvertebrates, reptiles, amphibians, small mammals, birds (and ground nests),
fungi, mosses, ferns, and other herbaceous vegetation. In turn, CWD use by hogs could
effect animal and plant populations closely associated with or dependent on CWD.

5) Patterns of understory species richness and diversity among the wetland floodplain
habitats and between areas with and without recent rooting were also somewhat
unexpected. Overall, bottomland hardwoods did not have greater species richness or
diversity as compared to cypress-tupelo. Also, recently rooted areas were not generally
less rich or less diverse than areas without recent rooting. Within habitat type, recently
rooted bottomland hardwoods had fewer species and lower diversity than areas without
recent rooting. In contrast, within habitat type, recently rooted cypress-tupelo swamp had
greater species richness, and seepage floodplain forest had greater diversity, than areas
without recent rooting. Seepage forest with recent rooting also had the most diverse
understory vegetation among all combinations of habitat type and rooting status. These
observations may also relate to the factors described above (drought, low water levels,
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wild pig rooting, etc.). Wild pig rooting, acting as a periodic source of disturbance, may
contribute to species richness and diversity in some wetland habitat types. Within
seepage forest, these results might instead relate to microhabitat selection by wild pigs for
small wet depressions with less abundant shrub cover and more abundant and diverse
herbaceous cover. If wild pig rooting creates, enhances, or maintains these wet
depressions in seepage forest, then wild pigs may both influence understory species
diversity (and species composition) and respond to it as well.

6) Overall, species composition was different among the wetland floodplain habitat types
and between areas with and without recent rooting. Though different, bottomland
hardwoods and cypress-tupelo were generally more similar to each other than to seepage
forest. Habitat seemed to have a stronger influence on species composition differences as
compared to recent rooting. This may have been due to major differences in hydrology,
landforms, and soils; and the fact that wild pig rooting is widespread and abundant on the
floodplain, likely influencing much of the entire area over time, including areas not
recently rooted. Within habitat, differences in species composition for areas with and
without recent rooting were limited to seepage forest. This observation might point back
to microhabitat selection by wild pigs, as discussed above. In the absence of recent
rooting, all the floodplain habitat types differed from each other. In contrast, among areas
with recent rooting, bottomland hardwoods and cypress-tupelo were not different.
Though different, recently rooted seepage forest was more similar to bottomland
hardwoods and cypress-tupelo than to seepage areas without recent rooting. One possible

120

explanation is that recent rooting may have a homogenizing effect on the understory
vegetation, lessening differences among habitats, at least for bottomland hardwoods and
cypress-tupelo. Other influences during this study, particularly the drought and lack of
flooding, might also have directly or indirectly lessened differences in understory species
composition among habitats, possibly acting in combination with recent rooting.

7) Tree seedlings were largely lacking from the quadrats, therefore, no comparisons could
be made and no conclusions drawn regarding habitat or rooting effects on seedling
recruitment or survival. In bottomland hardwoods, it is possible that a variety of factors,
including widespread and abundant pig rooting, advanced forest/tree maturity, closed
canopy conditions, and low seed production or viability may have limited seedling
recruitment or survival in the study area. In cypress-tupelo swamps, infrequent dry down
periods that expose the substrate, during drought for instance, are typically required for
the recruitment of bald cypress and water tupelo seedlings, as seeds from these species
will not germinate under flooded conditions. Despite the long-term drought and extended
dry down conditions, bald cypress or water tupelo seedlings were not recorded in the
quadrats, and recruitment was not anecdotally observed over a three-year period (20002003). Dense and frequent rooting in cypress-tupelo areas could potentially limit bald
cypress and water tupelo recruitment in the study area, although the evidence for this is
only circumstantial. As above, other factors, including the existence of a mature cypresstupelo canopy, could also have limited bald cypress and water tupelo recruitment.
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CHAPTER 4

WILD PIGS AT CONGAREE NATIONAL PARK: IMPACTS, MANAGEMENT,
AND RESEARCH CONSIDERATIONS

Overview of Wild Pigs in the National Parks

Wild pig (Sus scrofa L.) populations and associated ecological impacts in the National
Parks have been a documented or suspected problem for some time (Wood and Barrett
1979, Singer 1981, Wright 1992, Wagner et al. 1995). Continuing National Park Service
concerns regarding wild pig populations and impacts on natural resources are evidenced
by a sampling of parks recently conducting, planning, or contemplating major wild pig
management programs (Table 4-1), including Congaree National Park. In addition, out of
the National Park Service units identified by Singer (1981) as having wild pig
populations, considering only the six units classified as National Parks (the most
prestigious classification), all six parks continue to have wild pig populations and known
or potential resource concerns. Nearly 25 years later, at least seven additional National
Parks have known or possible wild pig populations (Table 4-2, Burde and Feldhamer
2005). This indicates that the occurrences of wild pig populations are expanding within
the National Park Service system, likely increasing related resource concerns of the
National Park Service.
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The only National Park listed by Singer (1981) as having no probable impacts from wild
pigs and that more than 20 years later still had relatively minor resource management
emphasis on wild pigs was Everglades National Park, which had no management
program specifically oriented towards wild pigs as of 2003 (S. Snow personal
communication), though this could be changing.

Within Everglades National Park, and more specifically within the adjacent Big Cypress
National Preserve, wild pigs are considered important prey for the federally endangered
Florida panther (eastern cougar, Puma concolor couguar Kerr) (Maehr et al. 1990, NPS
1991a). The state threatened Florida black bear (Ursus americanus floridanus Merriam)
and the state and federally protected American alligator (Alligator mississippiensis
Daudin) may also prey on wild pigs in the National Park units of southwest Florida.

Within the Big Cypress National Preserve, wild pigs are managed in conjunction with the
Florida Fish and Wildlife Conservation Commission as both a prey resource for the
Florida panther and as state game animal (NPS 1991a). Wild pig management at Big
Cypress is primarily limited to recreational hunting with occasional localized trapping
and harvest by agency personnel as needed to reduce observed rooting impacts. The
distribution of recreational hunting is also managed to lessen the movement of wild pigs
from Big Cypress into Everglades National Park. The primary management emphasis,
however, is on maintaining hog populations as a prey-base for the panther, while also
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providing recreational hunting opportunities (NPS 1991a), though this could change with
time as well.

Outside of the example above, where endangered species management and state game
management take precedence, and perhaps wild pig impacts or their perception are
lessened by the presence of large predators and state-managed recreational harvests, the
more typical perspective of the National Park Service towards wild pigs as non-native
species needs to be taken into account when considering wild pig populations and their
potential impacts. The perspective of the National Park Service includes federal
legislation associated with the formation of the National Park system (e.g., Organic Act
of the Natural Park System), the enabling legislation of individual parks, formative
wildlife policy opinions (e.g., Wright et al. 1933, Ackerman et al. 1963, Leopold et al.
1963), and the current policies and organizational culture of the National Park Service
(NPS 1988b, 1991b, Wright 1992, Wagner et al. 1995).

Wild pigs are considered a “disruptive” non-native or exotic species by National Park
Service definition (NPS 1991b). The National Park Service regards disruptive non-native
species as a detriment to natural resources and National Park Service management
objectives, regardless of the species degree of integration or “naturalization” within the
ecosystem. Where non-native species may be resulting in potential impacts, damage, or
harm of some form, the National Park Service is oriented towards control and
management of the species, and eradication if possible. In essence, as a disruptive non-
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native species, in nearly all cases (southwest Florida being an exception), any significant
influences or effects that wild pigs may have on ecosystem structure or function, or other
park resources or management objectives (cultural resources, wilderness, visitor
experience), would be considered adverse impacts by the National Park Service.

Wild Pig Concerns at Congaree National Park

Congaree National Park was established to preserve and protect for the education,
inspiration, and enjoyment of present and future generations an outstanding example of a
near-virgin southern (bottomland) hardwood forest situated on the Congaree River
floodplain in Richland County, South Carolina (U.S. Congress, Public Law 94-545,
1976). Management objectives for the park include protecting and perpetuating natural
resources of the park, including the bottomland hardwood ecosystem, by protecting
complex hydrological and biological processes, and managing natural resources in ways
that enhance natural ecological and hydrological processes and mitigate the adverse
effects of human activities (NPS 1988a). Management objectives for the park also
include reducing the spread of, and to the extent necessary and practicable, eliminating
existing populations of exotic animals and plants introduced through human activities
(NPS 1988a).

National Park Service staff, numerous researchers, and several environmental and
conservation organizations have been concerned about the potential ecological impacts of
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wild pigs in the park for many years (NPS 1988a, Nix and Barry 1992, Gaddy et al. 2000,
NPS personal communication, Friends of Congaree Swamp newsletters and personal
communication, R. Sharitz and B. Allen personal communication, J. Wheeler [USDA
Veterinary Services] personal communication), particularly in relation to substrate
disturbance and potential vegetation impacts caused by pig rooting and wallowing. The
main areas of concern regarding wild pigs at the park have focused most intensively on
vegetation impacts in wetland floodplain forests, including possible impacts to hardwood
regeneration, especially for large canopy species, such as oaks (Quercus L.) and other
species occurring in mixed bottomland hardwoods, that characterize old-growth areas and
occur as national and state champion trees within the park; possible impacts to rare and
endangered plant species; and the potential spread of exotic invasive plants on the
floodplain. In addition, there have been concerns associated with wild pig competition
with native wildlife. Past studies have also document the incidence of wild pig diseases in
the population at Congaree National Park, and potential risks to livestock and humans in
the area. Furthermore, there is documented concern that wild pigs could impact cultural
resources at the park, particularly National Register-listed historic earthen-work
structures on the floodplain, including cattle mounds (built to provide flood refuge for
former free-ranging livestock), that may be used by hogs during periods of high water
and are susceptible to disturbance and erosion associated with rooting. Finally, there has
been concern that wild pigs could impact recreational resources and visitor
use/experience at the park, due to intensive hog disturbance along hiking and canoe trails.
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Status of Wild Pig Management at Congaree National Park

Wild pig management has not been conducted within the park for decades, ceasing with
the expiration of hunting leases on the property within five years after the park was
established as a National Monument (U.S. Congress, Public Law 94-545, 1976). Even at
that time, harvest levels were considered too low to reduce or control the population
(Singer 1981). Current recreational hunting on private lands surrounding Congaree
National Park, including several hunt clubs and hunting leases that reportedly harvest
hundreds of hogs per year may exert some pressure on the wild pig population, but this
does not appear to be enough to limit the distribution and abundance of wild pigs and
disturbance observed within the park. Data from Friebel (2007) indicated a 48-52%
mortality rate for radio-collared hogs in the park during 2005-2006, with 35% of this
resulting from hogs harvested mainly on private hunting lands surrounding the park (with
one apparent poaching incident within the park). Though this might seem to indicate
substantial hunting pressure and overall mortality, hog populations can rapidly respond to
hunting or other sources of mortality with increased reproduction (USDA Wildlife
Services, personal communication). It is likely that sustained removal rates exceeding the
estimate above may be required to control or reduce the wild pig population in settings
like those at Congaree National Park.

Given the above resource concerns and the lack of management in the past, wild pig
control at Congaree National Park has been contemplated by the National Park Service.
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This has included the development of a Draft Wild Pig Management Plan and
Preliminary Draft Environmental Assessment (EA), conducted as a separate part of this
project in 2003 (NPS unpublished). In addition to the specific resource concerns
identified above, general impact categories ranked as moderate to major for wild pig
impacts in the draft management plan and EA included: soils, vegetation, wildlife,
protected species, cultural resources, water quality, hydrology, wetlands, wilderness,
public health and safety, and visitor use and experience (NPS unpublished).

Based on the draft management plan and EA, future management activities at Congaree
National Park could potentially include live trapping with onsite harvest, professional
hunting using a variety of methods, localized protective fencing (to exclude hogs from
sensitive resource areas), protective curtain barriers (to exclude hogs where fencing
would not be feasible due to stream flow or flooding), use of radio-telemetry and “Judas
hog” techniques during harvest activities, coordinated management with adjacent
landowners and recreational hunting groups (outside the park), public outreach and
education, and wild pig research and monitoring (NPS unpublished).

Several other possible management techniques were evaluated in the draft management
plan and EA, but were eliminated from further consideration due to a variety of
ecological, social, logistical, economic, and legal factors (NPS unpublished).
Management techniques not likely to be used at Congaree National Park include: parkwide or large-area fencing, use of dogs, use of snares, trapping and offsite relocation,
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contraceptives/sterilization, public hunting within the park, toxicants, and biological
control (NPS unpublished).

At the current time, the draft management plan and preliminary draft EA have not been
moved forward in the National Park Service planning process. Wild pig management is
still being considered at Congaree National Park, and is described as a top priority, but
specific action has not been taken beyond the implementation of several monitoring and
research projects including this study, Friebel (2007), and Weeks (in preparation),
considered an important first step in addressing wild pig concerns at the park (NPS
personal communication). The level of anticipated public interest, including possible
strong opposition to wild pig control, and the required funding and other resources
needed to support a sustained wild pig management program, are factors that may
contribute to the current lack of management at the park. Possible lingering resistance to
large ungulate control within the National Park Service coupled with a natural regulation
philosophy (Wagner et al. 1995, Wright 1999) could also be a factor, though this may be
less likely for a species so widely recognized by the National Park Service as a disruptive
exotic.

Major Findings and Potential Impacts

The National Park Service perspective towards non-native species and wild pigs, the
preceding impact concerns, and the perceived need for wild pig management at Congaree
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National Park led to the current study. From the perspective of the National Park Service
and others, the potential for wild pig impacts in the park appear relatively high, given the
widespread distribution and abundance of rooting disturbance documented for major
habitat types at the park, particularly on the floodplain (Chapter 2). The severity and
persistence of rooting disturbance in some habitats, such as seepage forest, also
contributes to this notion (Chapter 2). The observed effects of recent hog rooting,
including reduced understory vegetation cover, reduced leaf litter cover, increased
exposure of bare soil, the positive association of recent rooting with coarse woody debris,
and possible alterations of species composition and homogenization of understory plant
assemblages further indicate the potential for wild pig impacts on vegetation, soils,
nutrient processes, and associated biota such as invertebrates, small mammals, reptiles,
amphibians, and ground-nesting birds (Chapter 3). The relatively small and seasonally
stable home-range sizes observed for wild pigs at Congaree National Park, the focus of
wild pig habitat utilization on the floodplain, and the estimated high population density of
wild pigs at the park (Friebel 2007) further support the potential for significant wild pig
impacts to park resources.

Potential wild pigs impacts may be especially intense during periods of prolonged
drought when wild pigs may be concentrated on the floodplain, as well as in relatively
wetter or more frequently flooded habitats on the floodplain (e.g., cypress-tupelo swamp,
along streams), and in wetter or more frequently flooded regions of the park (e.g.,
southeastern reaches of the park and along the Congaree River) (Chapter 2). Lack of
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major mast fall events in combination with prolonged drought and reduced flooding (or
perhaps independent of these factors), could also result in the concentration of wild pig
disturbance in wetter habitats and regions of the park (Chapter 2). In addition, prolonged
drought combined with mild winters may result in larger wild pig populations in the park
due to reduced mortality (Chapter 2). As a related thought, if global climate change were
to result in prolonged drought cycles in the study region in the future, perhaps in
combination with milder winters, wild pig disturbance at Congaree National Park could
potentially increase. This might be an area for future research, taking into account
predicted climate change in the region, which has not been investigated here. Finally, if
wild pig disturbance is greater in more remote regions of the park with less human
activity (Chapter 2), also corresponding with wetter and more frequently flooded portions
of the park, impacts may even exceed what park personnel, researchers, and visitors
currently perceive, already considered substantial by many. Future comparisons of wild
pig disturbance among drought and non-drought periods could be enlightening, as could
additional work examining more remote portions of the park, including newly acquired
parcels to the east near the confluence of the Congaree and Wateree River floodplains.

Seepage floodplain forest was identified as a special case during this study, displaying
regular but somewhat less abundant pig disturbance than other floodplain habitats in
some instances, but with more persistent (more severe) rooting disturbance, which
remained visible on the landscape for much longer time-periods (Chapter 2). Greater
disturbance persistence in seepage forest was related to rooting depth, muck soils, and
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perennial groundwater seepage. There was also possible micro-habitat selection by wild
pigs within this habitat type, with hog disturbance seemingly associated with small wetter
depressions characterized by less woody shrub dominance and greater herbaceous cover
and diversity compared to other seepage forest areas (Chapters 2 and 3).

The state-listed and globally imperiled Carolina birds-in-a-nest (Macbridea caroliniana
[Walter] S.F. Blake) occurs at Congaree National Park in seepage floodplain forest and
within the same micro-habitat that may be targeted by wild pigs. Based on data collected
in-part during this study, it was determined that Congaree National Park has one of the
largest remaining populations and one of the highest quality occurrences known for this
rare species (Chapter 3, LeBlond and Sorrie 2002). Potential wild pig impacts to rare and
endangered plants at Congaree National Park and specifically to Carolina birds-in-a-nest
have also been identified by others (Gaddy et al. 2000, LeBlond and Sorrie 2002, Weeks
personal communication).

Seepage forest at Congaree National Park is also considered important habitat for
salamanders of conservation concern (Bennett et al. 2008), which could also be affected
by wild pig disturbance, as has been recently described elsewhere for salamanders in
seepage habitats (Means and Travis 2007). In addition, the seepage floodplain forest itself
is considered a globally imperiled community type (TNC 2000). Finally, there is the
possibility that wild pig rooting may be altering microtopography, geomorphology,
understory vegetation composition, and perhaps local hydrology within the seepage forest
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(Chapters 2 and 3). From the National Park Service perspective and most others, these
combined factors may be particularly alarming in terms of the potential for wild pig
impacts to seepage forest and associated species. Wild pig impacts to other types of
seepage wetlands (e.g., seepage slopes, bogs, fens) have been described by others in
relation to wild pig disturbance (Walker et al. 2001, Mize et al. 2005, Engeman et al.
2007). Though these habitats are distinctly different than seepage floodplain forest, they
do share many similarities. An alternative viewpoint on wild pig interactions with
seepage forest is also presented below.

Pine flatwoods at Congaree National Park had relatively low levels of wild pig
disturbance, at least for the areas examined, all of which had relatively poor wildlife
habitat quality due to former agricultural and pine plantation management and the
absence of fire (Chapters 2 and 3). In contrast, other habitats above the floodplain showed
qualitative evidence of significant wild pig disturbance and potential impacts associated
with rooting, wallows, tree rubs, tree tusking, and game trails (Chapter 2). These habitats
included remnant stands of natural longleaf-loblolly pine (Pinus palustris Mill., P. taeda
L.) flatwoods managed by periodic prescribed fire, isolated forested wetland depressions
above the floodplain, and American beech-white oak (Fagus grandifolia Ehrh., Quercus
alba L.) slope or bluff forest adjacent to the floodplain. The remnant longleaf-loblolly
pine flatwoods are considered target conditions for the restoration of pine flatwoods areas
affected by previous agricultural and pine plantation management at the park (Chapter 3,
T. Doyle personal communication). Such restoration is currently being planned. With this
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in mind, wild pig disturbance could potentially increase in pine flatwoods areas during
and following restoration activities, in response to improved herbaceous ground cover
and wetter conditions associated with pine thinning and possible hydrologic restoration.
Baron (1982), for instance, reported relatively high levels of wild pig rooting (6-48%
cover by season) in natural pine savannah habitats at Gulf Islands National Seashore,
although any vegetation impacts were described as minor. In addition, hog predation on
longleaf pine seedlings planted in restoration areas, as well as natural longleaf pine
regeneration, could be a concern, as documented elsewhere (Wood and Brenneman 1980,
Lipscomb 1989).

Potential wild pig impacts on tree seedling recruitment and survival have been a concern
at Congaree National Park, particularly for bottomland hardwood species such as oaks.
Due to the general lack of tree seedlings during this study (Chapter 3), this question could
not be addressed here. Other limited studies that have addressed this question at Congaree
National Park did not determine that wild pig rooting affected bottomland hardwood
seedling recruitment or survival (Nix and Barry 1992, Jones et al. 1994), though this
could still be a concern based on studies elsewhere (Henry and Conley 1972, Mayer et al.
2000, Chamberlain and Leopold 2005). In addition to longleaf pine regeneration in the
flatwoods, and seedling recruitment and survival in bottomland hardwoods, wild pigs
could also impact bald cypress and water tupelo regeneration in swamp areas during
drought conditions (Chapter 3, Wood and Roark 1980). More work may be needed in this
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area. Long-term and large-scale wild pig exclosure studies could be useful in examining
these questions.

Exotic and nuisance plants are a major concern at Congaree National Park (Gaddy et al.
2000, NPS personal communication). Wild pigs are reported to contribute to the invasion
and spread of exotic and nuisance plant species in several locations, including Florida,
California, and Hawaii (Singer 1981, Kotanen 1995, Simberloff et al. 1997, Cushman et
al. 2004). Wild pig disturbance at Congaree National Park could potentially contribute to
the spread of exotic plants at the park, particularly in combination with other factors,
including drought and flood disturbance. Nepalese browntop (Microstegium vimineum
[Trin.] A. Camus), for instance, was described as potentially spreading throughout the
park (Gaddy et al. 2000). This species was documented in both bottomland hardwoods
and cypress-tupelo swamp during this study (Chapter 3). Arrington et al. (1999) indicated
that extended dry down conditions and lack of flooding combined with continuing wild
pig rooting in floodplain marshes could potentially result in the invasion and persistence
of exotic and nuisance plants in their study area. Additional studies on the potential
relationship between wild pigs and exotic plants at Congaree National Park could be
insightful.

Finally, wild pig disturbance and qualitative observations at Congaree National Park,
coupled with observations by other researchers at the park, and past and emerging
literature, indicate that wild pigs could potentially affect water quality conditions and

135

associated aquatic biota in the park, particularly during or following drought and low
water levels (Zengel and Conner 2008). Potential effects could include (1) erosion,
turbidity, and sedimentation from rooting activities (Williams and Benson 2004,
Maliszewski 2005); (2) fecal contamination (Belden and Pelton 1976, Kaller and Kelso
2003, 2006, Kaller et al. 2007, Montebello and Montebello personal communication); (3)
nutrient mobilization and associated surface water enrichment (Lacki and Lancia 1983,
Singer et al. 1984); and (4) direct and indirect effects on aquatic biota and communities
(Williams and Benson 2004, Kaller and Kelso 2006, Kaller et al. 2007).

Direct predation on native freshwater mussels at Congaree National Park was observed
during this study (Chapter 2) and by Williams and Benson (2004) during drought and low
water conditions, affecting several species of native mussels. Williams and Benson
(2004) described long reaches of stream bank extensively rooted and littered with broken
mussel shells, and implicated wild pigs as one of the most important threats to native
mussels and stream habitats within the park, due to habitat alteration, sedimentation, and
direct predation. Kaller and Kelso (2006) and Kaller et al. (2007) also saw declines in
freshwater mussels and certain insect guilds as a result of wild pig activity in bottomland
streams in Louisiana. Previously documented threats to native freshwater mussel
conservation (Williams et al. 1993) have not indicated wild pigs or other non-native
terrestrial wildlife as a potential concern; however, this and other recent studies seem to
raise that possibility. Given the largely observational and circumstantial information
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regarding potential wild pig affects on water quality and aquatic biota at Congaree
National Park, more research in this area may be needed.

Counter Arguments and Possible Positive Influences

Countering the National Park Service perspective and potential impact considerations
described above is the idea the wild pigs may be essentially “naturalized” within the park
and the surrounding ecosystem. Wild pigs have likely been a part of the Congaree,
Wateree, and upper Santee River floodplain ecosystem for nearly 500 years (Chapter 1).
The “old-growth” floodplain forest currently present, and the various national and state
champion trees, likely developed subsequent to the introduction of wild pigs, and thus,
developed with wild pigs as an existing component of the ecosystem. For instance, most
of the larger trees within the park are approximately 200-300 years old based on tree ring
analysis (Doyle 2008, T. Doyle personal communication). Wild pigs were likely present
when these trees were seedlings, as well as through their development to members of the
mature forest canopy. The entire park as it appears today likely bears the influence of
wild pigs as a relatively long-term (in human perspective) component of the ecosystem
(Chapter 3). Furthermore, in reference to the establishment of the park for the
preservation of “an outstanding example of a near-virgin southern (bottomland)
hardwood

forest” and

management objectives including “protecting complex

hydrological and biological processes”, it is interesting, and perhaps problematic, that this
could possibly be construed to include wild pigs and their functional role in the
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ecosystem for hundreds of years leading up to the establishment of the park. Finally,
since the current forest canopy composition and the presence of champion trees likely
developed in association with wild pigs, arguments concerning the potential impacts of
wild pigs on hardwood recruitment could possibly be brought into question. Likewise, the
examination of understory vegetation in this study only addresses how recent wild pig
disturbance may act upon the existing vegetation, but does not directly address the
current floristic composition versus some other condition in the absence of wild pigs,
though this was considered (Chapter 3). It is recognized that in addition to the presence of
wild pigs in the ecosystem, which has had a long history, their relative abundance and
population size or density over time is also an important factor to consider, especially if
wild pig populations have substantially increased over time or in more recent times, as is
possible.

Again, large-scale and long-term exclosure studies could be particularly interesting and
important, even crucial, in examining the influences of wild pigs on the vegetation of the
park. Likewise, comparative studies with similar floodplain ecosystems that do not have
wild pigs, that have had them for shorter time-periods, or that have practiced wild pig
management for long time-periods could be interesting. As an example, as of roughly
2003, managers of the Francis Beidler Forest (an Audubon Sanctuary) at Four Holes
Swamp near Harleyville, South Carolina, roughly 80 km (50 miles) to the southeast of
Congaree National Park, reported that wild pigs were not present in the sanctuary, which
includes a significant tract of old-growth swamp (Francis Beidler Forest staff, personal
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communication). More recent information indicates that wild pigs now occur on this
property (see the Audubon South Carolina, Francis Beidler Forest website
http://sc.audubon.org/Centers_FBF_Educators_Species-Mammals.html).

Comparisons

with tracts of mature forest on the Congaree floodplain outside the park that have been
hunted for many years could also be insightful.

A more radical, though interesting, line of thought regarding wild pigs could potentially
incorporate aspects of the relatively new (and controversial) topics of rewilding and
Pleistocene rewilding that have recently emerged in the conservation biology literature
(Foreman 2004, Martin 2005, Donlan et al. 2005, Donlan et al. 2006). Rewilding is the
protection of landscape-scale conservation areas and the restoration of large vertebrates
into ecosystems where they have been extirpated or have gone extinct (e.g., bison, elk,
wolves, cougar, bear). This includes the reintroduction of the extirpated species in
question, as well as the possible introduction of ecological proxies (similar related
species or other species that fill a similar ecological role) when introduction of the
original species is not possible.

Pleistocene rewilding, a subset of the larger rewilding concept, is the reintroduction or
“restoration” of large wild vertebrates to North America that are related or similar to
species that were part of the large North American megafauna that went extinct roughly
10,000 to 13,000 years ago, due (theoretically) to the appearance of humans on the
continent and associated hunting pressure (Martin 2005, Donlan et al. 2005, Donlan et al.
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2006). Examples of the extinct megafauna include large tortoises, equids, camelids,
proboscideans (mammoths and mastodons), and large felids. Candidates for experimental
introduction include several old world species from Asia and Africa (e.g., elephants,
horses, lions, cheetahs) that in many cases are of conservation concern in their native
ranges, some with limited conservation prospects. As an example, Asian elephants might
be introduced as ecological proxies for North American mammoths. One of the central
arguments of rewilding is that large vertebrates often play important functional roles in
ecosystems through mechanisms such as grazing, large-scale disturbance, predation, and
direct habitat manipulation or alteration, and that North American ecosystems have lost
much of this functionality through human influences.

The proponents of Pleistocene rewilding have also offered related arguments for a
different viewpoint on invasive species management, proposing the consideration of long
term ecological history that pre-dates what they consider to be the human-caused
Pleistocene extinctions, rather than defining ecological baseline conditions in North
America as the period just prior to European contact (pre-Columbian), the usual National
Park Service perspective (Donlan and Martin 2004). In such an argument, feral horses
and burros in the National Parks could be considered native from a genetic, evolutionary,
and ecological perspective, because equids evolved in North America, were present there
for millions of years, and were abundant and species-rich just prior to the Pleistocene
extinctions (Donlan and Martin 2004). Houston and Schreiner (1995) offer pertinent
counter arguments from the perspective of the National Parks.
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Wild pigs in North America might be considered an accidental experiment in rewilding
that, depending on your perspective, has either been a tremendous success or has gone
horribly wrong. Considering the possible rewilding concept for contemporary species to
start with, one has to consider which large mammal species might be extirpated or largely
“missing” from Congaree National Park and the surrounding floodplain and pine
flatwoods ecosystem. Obvious examples include black bear (Ursus americanus Pallas),
red wolf (Canis rufus Audubon and Bachman), eastern cougar, and perhaps bison (Bison
bison L., possibly from former pine savanna areas). Of these, black bear would certainly
be an obvious contemporary species that would normally occur in bottomland hardwoods
in the southeastern United States (Beausoleil et al. 2005, Heitmeyer et al. 2005). Black
bear almost certainly occurred on the Congaree floodplain and in adjacent pine flatwoods
in the recent past. However, black bear are now extirpated or at best rarely transient at
Congaree National Park (NPS personal communication, Burde and Feldhamer 2005).
This is most likely due to the relatively small size of the park (8,984 hectares [20,200
acres] at the time of this study) and the regional habitat fragmentation and isolation of the
Congaree, Wateree, and upper Santee River floodplains from extant bear populations in
the coastal and mountains regions of South Carolina by urban centers, large-scale forest
conversion, and upstream and downstream dams and reservoirs that now occupy
floodplains and riparian areas formerly connected and contiguous across much of the
state.
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Might black bears and wild pigs perform some similar ecological functions in
southeastern ecosystems? Could wild pigs be an ecological proxy for black bear, at least
partially? Both species are large omnivores, highly adaptable, potentially wide-ranging,
seasonally target fruit and mast resources, consume starchy roots and rhizomes, prey on
invertebrates and small mammals, target food resources associated with coarse woody
debris, and root or dig/grub for food resources. There are definitely some similarities in
terms of habitat use, food resources, and disturbance activities. As an example, black
bears can disturb large areas of substrate when searching for food under the leaf litter or
soil surface, and this disturbance may look similar to wild pig rooting (see Rezendes
1999, p. 245). Black bears also turn over and break up coarse woody debris when
searching for food, as do wild pigs. Though wild pigs could potentially provide some
ecological functions formerly provided by black bears, primarily through rooting
activities, the distribution and abundance of substrate disturbance by wild pigs observed
in the current study would likely be greater than similar disturbance resulting from black
bears. General differences in body size, home range, population densities, morphology,
and behavior among these two species may be indicative of key differences in their
respective ecological roles. More detailed exploration of this question could be an
interesting endeavor. Worth noting, others have asked this same question regarding nonnative wild pigs and extinct California grizzly bears (Ursus arctos californicus Merriam)
in coastal California woodlands (Sweitzer and Van Vuren 2002, Grinde and Sweitzer
2007), with indications that intermediate levels of wild pig acorn consumption and
rooting could be ecologically similar to former digging and grubbing activities of the
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grizzly bear, and that these two species may share some level of ecological equivalency.
See also the reference to black bears and large extinct peccaries below under Pleistocene
rewilding.

Members of the extinct Pleistocene megafauna of North America included the long-nosed
peccary (Mylohyus nasutus), the flat-headed peccary (Platygonus compressus), and
several other similar species, which were common to abundant in the southeastern United
States (Kurten and Anderson 1980). Could wild pigs represent an example of Pleistocene
rewilding in relation to these species? Both the long-nosed and flat-headed peccaries are
described as the same size as modern wild pigs, with similar morphological appearance
and suspected habits. The long-nosed peccary in particular has been described as the
“ecological equivalent” of modern-day wild pigs (Lundelius 1960). The long-nosed
peccary is thought to have occupied woodland habitats and utilized similar food resources
as compared to wild pigs. It is also thought that the long-nosed peccary, the flat-headed
peccary, and the black bear co-occurred in the Appalachian region and were thrown into
competition in the late Pleistocene by the disappearance of several niches due to climate
change, with only the black bear surviving into current times (Kurten and Anderson
1980). Perhaps conditions were similar on the southeastern coastal plain. With this
information in mind, wild pigs may fit, at least partially, into the Pleistocene rewilding
model advocated by others. Taking a longer view of ecological history, the general
ecological role or function of wild pigs on the current landscape may have had a very
long history in the southeastern United States, if not in the Congaree ecosystem, perhaps
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much longer than the absence of such function up until the introduction of wild pigs
roughly 500 years ago. Worth noting, however, is that the current southeastern floodplain
ecosystem, with or without wild pigs, including what is now Congaree National Park (see
Cohen et al. 2008), may have been different near the end of the Pleistocene, in terms of
vegetation composition and other factors, due to differing climate.

Along these same lines, Means (2006) described a longleaf pine savanna ecosystem
possibly somewhat similar to that occurring in recent times developing in Florida and the
southeastern United States concurrent with the large Pleistocene megafauna, and relates
the likely disturbance to longleaf pine that could have been caused by ground sloths,
large peccaries (three species of Mylohyus and Platygonus ), and proboscideans, drawing
similarities to the modern effects of wild pigs on longleaf pine regeneration. Means
(2006) further relates that longleaf pine ecosystems in the late Pleistocene may have had
very sparse tree densities, and that longleaf pine may have only become established when
the megafauna missed patches of regeneration over several years. Means (2006) also
argues that many of the present adaptations of longleaf pine, such as masting, a deep and
strong taproot, living to 500 years of age, and having dense strong wood may have
evolved in response to herbivory and disturbance by the Pleistocene megafauna,
including large peccaries. Further inquiry into the topic of wild pigs as an on-going (and
accidental) Pleistocene rewilding experiment could prove both interesting and
controversial.
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Finally, in consideration of both the possible naturalization of wild pigs into the present
ecosystem and the potential short and long-term ecological “history” of similar ecological
disturbances from extirpated or extinct species (possible ecological equivalents), the
relative resilience or fragility of the ecosystem under examination comes into question,
especially in comparison with other ecosystems where substantial wild pig impacts are
documented and widely known. For instance, it is possible that wild pig disturbance
results in less significant impacts in the southeastern floodplain and pine flatwoods
ecosystem, causing less alteration of the environment and associated species
assemblages, as compared to ecosystems in Hawaii, Australia, and various island
systems. For one, floodplain forests and pine flatwoods are naturally exposed to
significant abiotic disturbance events such as substantial flooding, wild fire, and
hurricanes, in addition to disturbance or other biotic interactions associated with
extirpated or extinct species, and even extant species. In contrast, ecosystems which
developed over long periods in the absence of major abiotic disturbance influences, or
that lacked large mammals (oceanic islands), or that developed very different floras and
faunas with no pig-like species and without similar disturbances by other species, or even
island ecosystems composed of species that are relatively “naïve” in terms of predation,
herbivory, or other biotic interactions, would all be impacted to a much greater degree by
the introduction of non-native wild pigs. Due to long-term exposure to abiotic
disturbance events, and the former presence of other, perhaps similar disturbance causing
species, it is possible that wild pigs were more easily integrated or naturalized into the
southeastern floodplain and pine flatwoods ecosystem, and that ecological changes
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caused by wild pigs are less severe in such “disturbance-resilient” ecosystems, as
compared to native mesic forests in Hawaii, other island ecosystems, or areas like
Australia with unique floras and faunas isolated by distance or time. Baron (1982) makes
a similar point concerning the relatively minor wild pig impacts she observed for
vegetation at Gulf Islands National Seashore, a coastal barrier island system characterized
by high levels of frequent natural disturbance, including overwash, hurricanes, major
storms, fire, drought, and shifting sands.

In addition to the potential natural resource impacts associated with wild pigs, as
previously discussed, there could also be functions or attributes of this species that could
be considered positive influences (Henry and Conley 1972), even at Congaree National
Park. For instance, wild pig rooting may have contributed to high levels of herbaceous
cover and understory species richness and diversity in floodplain forests during this study
(Chapter 3), conditions that are often considered desirable in terms of ecosystem structure
and function, wildlife management, and aesthetics. Wild pig rooting may play an
important ecological function in seepage forest as well, perhaps creating, enhancing, or
maintaining micro-topography and wet depressions dominated by herbaceous cover, and
even possibly enhancing globally important occurrences of rare and endangered species
such as Carolina birds-in-a-nest (Chapter 2 and 3). It could also be possible that wild pig
rooting contributes to plant productivity in the understory and canopy. Wild pig rooting
in Great Smoky Mountains National Park has been reported to enhance the growth of
American beech trees (Lacki and Lancia 1986). Wild pigs in their native range have also
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been documented to enhance commercial timber growth through rooting (Welander
1995). Could it be possible that wild pigs have contributed to the growth and status of
national and state champion trees in the park?

Wild pig rooting in pine uplands has frequently been attributed to poor regeneration of
longleaf pine (Wood and Brenneman 1980, Lipscomb 1989). However, could wild pig
rooting potentially contribute to open-canopy pine savanna conditions that are frequently
considered ecologically desirable in the southeastern United States? Lipscomb (1989)
indicated that after two years, fenced exclosures (without hogs) had 1,235 longleaf
seedlings per hectare (500 per acre), compared to areas accessible to hogs, which had 20
seedlings per hectare (8 per acre). The density of seedlings in the absence of wild pigs
certainly represents more appropriate conditions for timber production; however, might
the very sparse seedlings resulting from the presence of wild pigs contribute to savannalike conditions? Some natural and restored pine savanna areas display pine densities of 225 mature trees per hectare (1-10 per acre), with sparse or patchy distributions of
seedlings. Lipscomb (1989) also indicated that hog rooting can expose mineral soil and
essentially prepare the seedbed for future longleaf germination (perhaps only to be eaten
in subsequent years by hogs). This alternative viewpoint on longleaf pine may be a bit
exaggerated, and there are certainly other potentially negative aspects of hog predation on
longleaf seedlings, as mentioned by Libscomb (1989) and others, however, this idea still
provides food for thought. Despite relatively abundant qualitative signs of rooting,
wallowing, and other wild pig sign in remnant longleaf-loblolly flatwoods at Congaree
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National Park, at least some longleaf regeneration was observed during this study.
Further study of longleaf pine restoration and regeneration in relation to wild pigs at
Congaree National Park could prove worthwhile in relation to flatwoods restoration and
management at the park.

Finally, from the visitor experience perspective, wild pigs are the most abundant large
mammal that can be viewed by visitors to Congaree National Park, the only other species
being white-tailed deer (Odocoileus virginianus Zimmermann). Due to their wild nature
and appearance, and even their potentially dangerous reputation, some park visitors enjoy
seeing this species in the woods, and excitedly describe “wild boar” encounters to other
visitors and park personnel. In the absence of most other large charismatic species at the
park (e.g., bears, wolves, cougars, etc.) wild pigs do put the “wild” in the wilderness
experience for some park visitors. In contrast, other park visitors remark with concern on
the damage caused by wild pigs throughout the park.

Management Considerations

To conclude this chapter, it seems important to indicate the likelihood that wild pigs
influence the ecosystem of Congaree National Park and environs in multiple ways, which
could be considered good and/or bad, depending on your particular perspective. From the
perspective of the National Park Service, and from most natural resource management
and conservation perspectives, there are certainly meaningful negative impacts associated
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with wild pigs at Congaree National Park, especially under certain conditions. Such
conditions would include high population densities, and, in the case of this study,
drought, low water levels, and the lack of flooding which likely intensified wild pig
disturbance on the floodplain and in wetter habitats (Chapter 2). The absence of large
predators in the park and surrounding ecosystem, including the assumed extirpation of
species such as black bear, red wolf, and eastern cougar, and the possible reduced
abundance of American alligator, likely contribute to high wild pig population densities,
widespread and abundant disturbance, and associated negative impacts. The absence of
hunting or other wild pig management activities within the park over the last several
decades is another likely contributing factor. Taking all this into consideration, the future
management of wild pigs at Congaree National Park would appear to be warranted, even
necessary perhaps, to protect park resources during periods of high wild pig population
density and high levels of disturbance.

Management of wild pigs at the park, however, does not mean eradication of wild pigs
from the park, a condition that would be impossible to achieve, and perhaps not
warranted given the potential role of wild pigs as a naturalized component of the
ecosystem (discussed above), and possible unintended consequences of their complete
removal. Eradication of wild pigs would be impossible from the contiguous CongareeWateree-upper Santee floodplain, much of which the park does not control. Large-area
fencing (or other types of barriers) and the progressive removal of hogs within enclosed
areas to achieve eradication or near eradication, as has been conducted for other National
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Park units in Hawaii and California (Katahira et al. 1993, McCann and Garcelon 2008),
would not be feasible at Congaree National Park. Flooding and associated debris would
significantly damage fencing structures and would preclude the long-term successful
maintenance of fenced areas and the effective exclusion of wild pigs. Large-scale fencing
along the Congaree River, forming a major boundary of the park, would also be
infeasible. Large-area fencing would also interfere with hydrologic and biological
processes the park was intended to protect, including the movement of native wildlife and
fisheries species. Large-area fencing would also run counter to federal wilderness
regulations, as the majority of the park is federally designated wilderness. In contrast to
large-area fencing, the use of localized fencing or other barriers to temporarily protect
sensitive resources such as endangered species and cultural resource sites could be an
important management tool. Small areas of temporary fencing could also be used to
protect planted longleaf pine seedlings in upland restoration areas.

Short of eradication, wild pig management at Congaree National Park would mean
population control, primarily direct harvest by park personnel or authorized agents
working under the direction of the National Park Service. As is often the case, however,
the magnitude or importance of impacts and the levels of wild pig control needed or
desired are not fully known. Similar to the control of native ungulate populations in the
National Parks, including white-tailed deer management in the eastern parks, this
presents a significant dilemma. The National Park Service in most cases does not have
decisive or complete information to act upon concerning wildlife control, cannot meet its
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management objectives without better science and more information, but at the same time
cannot wait to fully determine impacts and identify exact prescriptions before
undertaking necessary management action (Porter and Underwood 1999, Wright 1999).
Based on this dilemma, combined with the considerations outlined below, wild pig
management at the park should take an adaptive management approach (Porter and
Underwood 1999, Wright 1999, Williams et al. 2007). Part of such an approach would
include monitoring and supporting research to assess resource impacts, management
goals, and management outcomes and to guide and refine future management efforts.

Management efforts to control wild pigs will likely need to be relatively intense, may
need to be sustained over long time-periods, and will likely require significant dedication
of resources to be effective. As stated previously, wild pigs have substantial reproductive
capacity, and may respond to increased mortality such as hunting pressure with increased
reproductive response. Under certain circumstances, inadequate control could potentially
make the situation worse. Management may also induce changes in wild pig distribution
and behavior, requiring subsequent changes in management activities. Additional wild
pig management challenges applicable to Congaree National Park, as partially described
above, would include contiguous floodplain areas inside and outside the park;
uncontrolled park boundaries consisting of forest, floodplain, and river; periodic largescale flooding events; wilderness restrictions on equipment and methods; dense canopy
and vegetation cover; surface waters and long-term flooding in certain habitats; and
remoteness and difficulty of access to large portions of the park. Close coordination with
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adjacent landowners would be very important and potentially productive since wild pigs
are currently harvested in these areas, and conditions outside the park will also influence
conditions inside the park, and vice-versa.

Due to the potential difficulty and significant time and resources needed to conduct direct
population monitoring of wild pigs, and since one of the main sources of impacts is
rooting disturbance, a recommended monitoring approach would include a rooting survey
or index. One idea would be to establish a relatively quick and low cost rooting survey,
that park staff or trained volunteers could undertake monthly or quarterly over a few days
per monitoring event, to estimate the distribution and abundance of hog disturbance, the
efficacy of management activities, and the potential need for changes in management
goals and approaches. Such monitoring could involve rooting surveys along existing
hiking trails, woods roads, logging grades, stream banks, and other forms of access. In
more remote areas or in areas of special management concern, this could include
meandering walking transects of set length along approximate compass headings. Initial
management goals could include targeted reductions in rooting disturbance, to be
determined based on the best available information and realistic expectations. Changes in
the level of management effort or the re-evaluation of management strategies could be
triggered by certain disturbance thresholds or changes in disturbance levels over time.
Such monitoring could also potentially be used to direct management efforts to specific
regions of the park or to specific areas of resource concern, as appropriate. Monitoring
results from the rooting surveys could also be periodically correlated with the more time-
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consuming quantitative monitoring plots established during this study (Chapter 2), with
the data presented here representing several years of pre-management baseline
conditions, or at least baseline conditions during prolonged drought. Any future rooting
surveys or related monitoring activities would need to take into account leaf fall, other
possible seasonal effects, drought and flooding conditions, new versus total disturbance,
habitat type, and disturbance severity and persistence during monitoring study design and
data interpretation (Chapter 2). Other current and future resource monitoring and research
projects at the park could be designed to support wild pig management efforts where
applicable and feasible.

Further Research

Suggestions for additional research are included throughout previous chapters and above.
Several topics of particular interest related to wild pigs at Congaree National Park, in
southeastern ecosystems, or in the National Parks, especially those that would support
resource management needs are outlined below (in no particular order).

1) Comparison of wild pig habitat use, disturbance, vegetation, and other characteristics
between Congaree National Park and hunted properties adjacent to the park would be
useful. In addition, comparisons with other similar mature floodplain forests where pigs
have been present for shorter time-periods could be insightful (e.g., Audubon’s Francis
Beidler Forest).
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2) Because the current study was primarily conducted during a prolonged drought period,
additional comparative studies during non-drought conditions would be important to
understand conditions during normal flood periods.

3) Analysis of wild pig harvest records from hunting clubs surrounding Congaree
National Park could be valuable. This could involve trend analyses over time, perhaps
looking at the numbers of hogs harvested, or harvest per unit effort if possible, as related
to hydrologic or rainfall data, drought versus non-drought years, proximity to the park,
rooting disturbance in the park, changes in harvest that might occur with future park
management efforts, etc. Harvest records for other species might be useful as well, such
as deer and turkey, particularly if analyzed in combination with data on wild pigs. This
would be subject to coordination with local hunting groups to obtain the data and
permission to work with it. This could also serve as an outreach and relationship-building
process for the National Park Service. It might be possible through future outreach to
work with hunting groups to collect standardized data for all harvested animals. A
minimum set of standardized data should also be collected for all wild pigs harvested
under any future management efforts by the National Park Service.

4) Development and testing of the rooting survey methods proposed above would be
important prior to the onset of management activities. Such methods would be applied by
park staff or trained volunteers over wide areas to assess levels of disturbance, the

154

efficacy of future management efforts, and changes over time based on varying
management activities, rainfall, flooding, food resources, climate, etc. Such a method
could be supported by the intensive disturbance monitoring conducted during this study
(Chapter 2), but would need to be faster and easier to apply over larger areas. This could
also include rooting surveys on new park acquisitions.

5) Wild pig exclosure studies to determine the influence of wild pigs on vegetation in the
park, as well as on a variety of other related parameters (soils, geomorphology,
hydrology, invertebrates, wildlife, etc.) could be particularly important and meaningful.
The use of large-scale exclosures and long-term study periods would be highly
recommended, and would be crucial in fully understanding the influences of wild pigs on
vegetation within the park. Study topics could include wild pig influences on seedling
recruitment and survival, understory vegetation, invasive species, rare and endangered
species, soil biogeochemistry, soil erosion and sedimentation, local geomorphology and
hydrology, invertebrates, small herpetofauna species, small mammals, etc. Studies of
such topics could also be integrated and examined at the systems level as well. Such
studies could also address a variety of habitats, including floodplain forest, remnant
patches of natural pine flatwoods, and pine flatwoods restoration areas.

6) An experimental study of wild pig influence on seepage floodplain forest and Carolina
birds-in-a-nest could be informative, using actual and simulated field rooting to examine
the possible creation, enhancement, and maintenance of microtopography and small wet
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depressions by wild pig rooting, and the associated effects on local geomorphology and
hydrology, herbaceous cover, woody shrubs, species composition, and rare and
endangered plant species. This study could be similar to that conducted by Kirkman and
Sharitz (1994) using simulated hog rooting in Carolina bays.

7) Studies of potential relationships between wild pigs and exotic/invasive plant species
at Congaree National Park could be important, especially for Nepalese browntop and
perhaps other species.

8) Integrated wild pig, water quality, and aquatic biota (stream invertebrate) studies for
blackwater creeks within Congaree National Park could be valuable, investigating stream
habitat modification; erosion, turbidity, sedimentation; fecal contamination; nutrient
dynamics; and effects on aquatic biota and communities, including native freshwater
mussels. Several potential resource concerns and study questions have been indentified in
Zengel and Conner (2008) for Congaree National Park. Similar studies have been
conducted by Kaller and Kelso (2003, 2006) and Kaller et al. (2007) in Louisiana.
Methods could include deployment of sedimentation traps, the use of wild pig-specific
Microbial Source Tracking (MST) methods for fecal contamination studies, the use of
stream condition index (macroinvertebrate community assemblage) studies, and the use
of caging experiments for freshwater mussel studies.
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9) Studies examining the biogeochemistry of wild pig rooting and wallowing on
floodplain soils and forest ecosystem processes, including vegetation growth and
productivity, could be worthwhile.

10) Development of methods to estimate wild pig populations or create population
indices using remote camera-traps, hair snares, scat surveys, and genetic techniques
combined with mark and re-capture methods, similar to studies conducted for other large
mammals (Mowat and Strobek 2000, Waits and Paetkau 2005), could be very useful for
future management efforts, especially if such information could be linked to disturbance
levels.

11) Mast production/mast fall studies for Congaree National Park related to wild pigs,
other wildlife use, and forest regeneration would provide useful information. This topic
could also be incorporated as part of other studies mentioned in this section.

12) Where wild pigs are managed primarily as a game animal, such as on private lands
and on some state wildlife management areas, particularly in cases where wild pigs are a
main game species of interest, there may be some utility in examining alternative,
modified, flexible, or situation-specific harvest principles and regulations for wild pigs,
especially for properties adjacent to or surrounding National Park Service units. As an
example, special hunts, year-round harvest of wild pigs, or hunter education efforts
oriented towards increased harvests of younger pigs or females, specific to properties
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adjacent to National Park units or other natural areas, could be evaluated experimentally.
There may even be some utility in developing and testing the types of principles used in
Quality Deer Management (Miller and Marchinton 1995), which could possibly be
adapted to wild pigs, especially aspects related to population management, social
structure, and reduction of habitat/vegetation damage, with a goal towards quality wild
pig hunting experiences, but also controlling population levels and reducing potential
impacts on adjacent natural areas.

13) Wild pig rooting and wallowing surveys conducted in Great Smoky Mountains
National Park and Cherokee National Forest in the 1970s (Belden and Pelton 1975, 1976)
indicated changes in the distribution of wild pigs across broad elevation and habitat
gradients according to seasonal air temperatures and food resources (pigs generally used
high elevation sites in summer and low elevation sites in winter). It is possible that these
studies could be carefully repeated (perhaps they are already underway) and combined
with long-term climate data to determine possible changes in wild pig distribution over
30+ years that might be related to global climate change.

14) Application of functional wetland impact and mitigation assessment methods, such as
the U.S. Army Corps Wetland Rapid Assessment Protocol (WRAP) or the State of
Florida Uniform Mitigation Assessment Method (UMAM) and regionalized mitigation
cost documentation/estimating could be used to refine the economic cost-benefit analyses
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of wild pig damage and control as applied by Engeman et al. (2003, 2004, 2007), who
equated wild pig disturbance to wetland dredge and fill impacts and mitigation costs.

15) A questionnaire survey addressing wild pig presence/absence, relative population
density, population trends, potential impacts, resource management concerns, and
management approaches across the National Park system could be useful. This study
would provide an update of Singer (1981), nearly 25 years later. A similar approach
could be used to investigate the same topic for state and federally-managed wetland areas
across South Carolina or the southeast. If needed the topic could be narrowed to focus on
floodplain forests or bottomland hardwoods.

16) Investigation of the potential influence of wild pigs on forested wetland and southern
pine restoration and mitigation projects could be valuable. There is very limited literature
on this topic (e.g., Mayer et al. 2000, Chamberlain and Leopold 2005, Mize et al. 2005;
see also brief mention in Allen et al. 2004), however, there may be an abundance of data
or other information available among practitioners and within various monitoring and
compliance reports submitted to regulatory and funding agencies. Such work could also
be designed into performance monitoring studies associated with these types of projects.
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Appendix A: Tables
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Table 2-1. Summary of drought status reports from the South Carolina State Climatology Office for
the 1998-2003 drought.
Status1

Date
June 1998

Long-term drought begins

1 July 1998
14 July 1998

Incipient drought declared
Moderate drought declared

19 August 1998

Incipient drought (downgrade)

10 September 1998

Drought lifted

10 November 1998

Incipient drought declared

3 December 1998

Drought conditions “deteriorate”

28 January 1999

Drought lifted

20 April 1999

Incipient drought declared

4 May 1999

Drought lifted

8 June 1999

Incipient drought declared

11 August 1999

Moderate drought declared

9 September 1999

Severe drought declared

30 September 1999

Moderate drought (downgrade)

21 October 1999

Incipient drought (downgrade)

16 May 2000

Drought “intensifies”

24 May 2000

Moderate drought declared

7 June 2000

Moderate drought upgrades

19 September 2000

same

8 February 2001

Moderate drought continues

162

Notes2
Congaree River flow falls below
historic average
Statewide
Statewide
Some counties remain at
moderate
Statewide; due to tropical
system Earl; Congaree remains
below historic flow
Statewide; monthly rainfall
deficit in Columbia of 9%
Two-month rainfall deficit in
Columbia of 22%
Statewide; near normal rainfall
for Jan; Congaree remains
below historic flow
Statewide; rainfall deficit in
Columbia is -5.9”
Statewide; Congaree remains
below historic flow
Statewide; rainfall deficit in
Columbia is -4.1”
Statewide
Excludes coastal counties
receiving rain from Hurricane
Dennis
Upstate severe; Midlands
rainfall deficit -7” to -9”
Midlands & Upstate, lifted
elsewhere; Columbia rainfall
deficit is -14.6”
Entering third year of drought
Statewide upgrade to moderate
or incipient; entire state under
drought
Additional counties added to
moderate status
Start of hog study
Entering fourth year of drought;
longest drought period since
1950s

Table 2-1 – continued.
Status1

Date
31 May 2001

Moderate drought upgrades

1 August 2001

Moderate drought continues

14 January 2002

Moderate drought continues

19 June 2002

Severe drought declared

24 July 2002

Extreme drought declared

26 August 2002

Extreme drought upgrades

24 September 2002

Severe drought (downgrade)

21 November 2002

Incipient drought (downgrade)

24 April 2003

Drought lifted, long-term drought
“officially” declared over

18 July 2003

same

Notes2
All counties now at moderate
status
Midlands driest region in the
state
2001 2nd driest year on record;
streams in “extreme drought”;
4-yr rainfall deficit at Columbia
-59”
Statewide; Congaree River
flow average at record low
Some coastal counties remain at
severe
Statewide extreme drought
Northeast-Pee Dee region
remains at extreme
Drought lifted for a few
counties; Congaree returns to
historic flow average for first
time since June 1998
Statewide; Congaree flow
exceeds historic averages for
spring-summer 2003
Hog study concludes

1

Source: http://www.dnr.sc.gov/climate/sco/index.php. Drought status for the Midlands region unless
otherwise noted. Drought status definitions based on the South Carolina Drought Response Act, determined
by drought indices and the Department of Natural Resources with input from the multi-agency South
Carolina Drought Response Committee and regional Drought Management Committees.

2

Selected supplemental information on Congaree River monthly flow averages at Columbia, historic flows
based on 1939-2006 monthly averages, USGS stream gauge data from http://waterdata.usgs.gov/sc/nwis/rt.
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Table 2-2. Summary of plot flooding history for the study period1.
Mixed Bottomland Hardwoods
Plot H1
On alluvial flats near Congaree River and lower Cedar Creek, directly adjacent to Mazyck’s Gut
(intermittent flood channel).
•
•
•
•
•
•
•
•
•

September 2000 to November 2002 – no flooding
December 2002 – likely flooded 100%
January 2003 – first floods during sampling period (~20%)
February & March 2003 (prior to sampling) – 100% flooding (esp. March)
March 2003 – roughly 80% flooded during sampling
March & April 2003 (after sampling) – 100% flooding
May 2003 – 100% flooded
May 2003 (after sampling) & June 2003 – likely 100% flooding
July 2003 – no data, river still too high at launch

Plot H2
On alluvial flats near Weston Lake Slough.
•
•
•
•
•
•
•
•

September 2000 to November 2002 – no flooding
December 2002 – possible flooding (but no sign observed)
February & March 2003 (prior to sampling) – 100% flooded (field sign, >1m flood)
March 2003 – first flooding during sampling period (~50%)
March 2003 & April 2003 (after sampling) – 100% flooding
May 2003 – 100% flooded
May & poss. June 2003 (after sampling) – 100% flooding (field sign, 2m flood)
July 2003 – not flooded

Plot H3
On alluvial flats near Moccasin Pond.
•
•
•
•
•
•
•
•

September 2000 to November 2002 – no flooding
December 2002 – flooded to 60-70% (field observations), likely 100%
February & March 2003 (prior to sampling) – 100% flooding (field sign, >1m flood)
March 2003 – first flooded during sampling period (>60%)
March & April 2003 (after sampling) – 100% flooded
May 2003 – 100% flooded
May 2003 (after sampling) & poss. June 2003 – 100% flooding
July 2003 – 20% flooded
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Table 2-2 - continued.
Cypress-Tupelo Swamp
Plot H6
Within Weston Lake Slough, near Cedar Creek, includes a small un-named creek.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

September 2000 - >80% flooded with passage of tropical storm
November 2000 to March 2001 – averages about 20% flooded due to small creek
March 2001 (after sampling) & April 2001 – 100% flooded (field observations)
May 2001 to May 2002 – averages about 20% flooding due to small creek
July & September 2002 – not flooded (creek goes dry)
November 2002 – 100% flooded
December 2002 – likely 100% flooded
January 2003 – 30% flooded
February & March 2003 (prior to sampling) – 100% flooding
March 2003 – 100% flooded
April 2003 – likely 100% flooded
May 2003 – 100% flooded
June 2003 – 100% flooding
July 2003 – 80% flooded

Plot H7
Within large un-named slough.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

September 2000 – not flooded when sampled,
September 2000 (after sampling) - likely flooded 100%
November 2000 & January 2001 – 50% flooded
November 2000 (after sampling) – likely 100% flooded (field observations)
December 2000 – 100% flooded (field observations)
March 2001 (prior to sampling) – likely 100% flooding
March 2001 – 90% flooded
March (after sampling) & April 2001 – 100% flooding
May 2001 – 90% flooded
July 2001 – 20% flooded
September & November 2001 – not flooded
January & March 2002 – 50-60% flooded
May 2002 – 20% flooded
July 2002 & September 2002 – not flooded
November 2002 through July 2003 – 100% flooded
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Table 2-2 - continued.
Plot H8
Within slough associated with Running Gut and Big Lake, small slough channel through plot.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

September 2000 – 100% flooded with passage of tropical storm
November 2000 – minor flooding
January & March 2001 – averages < 10% flooding
March 2001 (after sampling) – 100% flooded (field sign)
May 2001 & July 2001 – averages < 10% flooding
September & November 2001 – not flooded
January 2002 - >80% flooded
March 2002 – 10% flooded
May to September 2002 – not flooded
November 2002 – 100% flooded
December 2002 – likely 100% flooding
January 2003 – 10% flooded
January 2003 (after sampling) – possibly flooded 100%
February & March 2003 (prior to sampling) – 100% flooding
March to July 2003 – 100% flooded

Seepage Floodplain Forest
Plot H12
Plot had no seepage pools or runs.
•
•
•
•
•
•
•

September 2000 to February 2003 – no flooding
March 2003 (prior to sampling) – possible flooding from Congaree River (<100%)
March 2003 – first flooding during sampling (>30%)
March 2003 (after sampling) – 100% flooded (field observations)
May 2003 - <10% flooded
May 2003 (after sampling) – likely flooding from Congaree River (<100%)
July 2003 – not flooded
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Table 2-2 - continued.
Plot H14
Plot includes small seepage pools.
•
•
•
•
•
•
•

September 2000 to May 2002 – maintains <5% flooding in seepage pools
July 2002 & September 2002 – flooding <1% in seepage pools
November 2002 to March 2003 – maintain ~5% flooding in pools
March 2003 (after sampling) – likely flooding from Congaree River (<100%)
May 2003 - ~5% flooding in pools
May 2003 (after sampling) – possible flooding from Congaree River (<100%)
July 2003 – about 5% flooding in pools

Plot H15
Large seepage pool/run extends across plot.
•
•
•
•
•
•
•
•

September 2000 to May 2002 – maintains ~10% flooding in seepage pools
July & September 2002 – declines to <5% flooding in seepage pools
November 2002 to January 2003 – maintains ~10% flooding in pools
March 2003 - ~10% flooding in pools
March 2003 (after sampling) – 100% flooding (field observations)
May 2003 – flooding at >20% from Congaree River
May 2003 (after sampling) – likely flooding from Congaree River (<100%)
July 2003 – about 10% flooding in pools

Upland Pine Flatwoods
Plot H16 - No flooding for duration of study
Plot H17 - No flooding for duration of study
Plot H19 - No flooding for duration of study

1

Flooding history based on bi-monthly mapping of water distribution for each plot, field signs such silt and
debris strand lines, field observations between sampling periods, and review of USGS stream gauge data
from http://waterdata.usgs.gov/sc/nwis/rt.
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Table 2-3. Factorial ANOVA model results for New Disturbance. Means and standard error (S.E.)
reported without transformation, as % of 1-m cells disturbed. Multiple comparisons based on LSM
Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter are
significantly different.
New Disturbance
R2

N

Full Factorial Model

0.81
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ANOVA

DF

F-Ratio

Prob > F

Adjusted Factorial Model

75

3.0525

<0.0001

Effects Tests

DF

F-Ratio

Prob > F

Habitat
NW-SE Gradient
Month
Year
Habitat * NW-SE Gradient
Habitat * Month
Habitat * Year
Month * Year
Habitat * Month * Year

3
1
5
2
3
15
6
10
30

80.9521
59.9102
2.6394
14.2092
3.9903
1.6555
8.6878
8.6386
1.9715

<0.0001
<0.0001
0.0581
0.0028
0.0143
0.1216
0.0004
0.0130
0.4055

Mean (%)

S.E.

Letter

10
4
2
<1

2.0
1.0
0.3
0.2

A
B
B
C

Mean (%)

S.E.

Letter

6
4
4
5
4
2

1.7
1.5
1.0
1.8
1.8
0.4

A
AB
AB
AB
AB
B

Summary of Fit

Multiple Comparisons (Habitat)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Seepage Floodplain Forest (SFF)
Upland Pine Flatwoods (UPL)
Multiple Comparisons (Month)
January
July
September
March
May
November
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Table 2-3 – continued.
Multiple Comparisons (Year)
Year 2
Year 1
Year 3
Multiple Comparisons (Hab * Yr)
CTS-2
CTS-1
SFF-1
BLH-2
CTS-3
SFF-2
BLH-1
SFF-3
BLH-3
UPL-2
UPL-3
UPL-1
Multiple Comparisons (Mo * Yr)
JAN-3
JUL-2
MAY-2
JAN-1
MAR-2
JUL-1
JAN-2
SEP-3
SEP-2
MAY-1
MAR-1
NOV-3
SEP-1
NOV-2
NOV-1
MAR-3
MAY-3
JUL-3

Mean (%)

S.E.

Letter

6
4
3

1.4
0.8
0.7

A
AB
B

Mean (%)

S.E.

Letter

17
7
3
5
5
2
4
2
2
1
<1
<1

4.5
2.0
0.5
2.1
2.7
0.5
2.0
0.6
0.8
0.4
0.2
<0.1

A
AB
BC
BCD
BCD
BCD
BCD
BCD
CD
D
D
D

Mean (%)
8
6
9
5
9
7
6
3
5
2
3
2
2
2
1
2
<1
<1

S.E.
3.7
2.9
5.3
1.8
4.8
3.4
3.3
1.5
2.4
0.8
1.9
0.5
1.2
0.9
0.5
1.1
0.3
0.1

Letter
A
A
A
A
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
B

169

Table 2-4. Factorial ANOVA model results for Total Disturbance. Means and standard error (S.E.)
reported without transformation, as % of 1-m cells disturbed. Multiple comparisons based on LSM
Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter are
significantly different.
Total Disturbance
R2

N

Full Factorial Model

0.88
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ANOVA

DF

F-Ratio

Prob > F

Adjusted Factorial Model

75

7.5441

<0.0001

Effects Tests

DF

F-Ratio

Prob > F

Habitat
NW-SE Gradient (Gradient)
Month
Year
Habitat * Gradient
Habitat * Month
Habitat * Year
Month * Year
Habitat * Month * Year

3
1
5
2
3
15
6
10
30

80.9521
59.9102
2.6394
14.2092
3.9903
1.6555
8.6878
8.6386
1.9715

<0.0001
<0.0001
0.0259
<0.0001
0.0092
0.0669
<0.0001
<0.0001
0.0046

Mean (%)

S.E.

Letter

19
9
9
1

3.3
0.7
1.7
0.2

A
A
B
C

Mean (%)

S.E.

Letter

10
10
11
10
9
5

2.6
2.8
3.2
2.6
2.3
1.2

A
AB
AB
AB
AB
B

Summary of Fit

Multiple Comparisons (Habitat)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Mixed Bottomland Hardwoods (BLH)
Upland Pine Flatwoods (UPL)
Multiple Comparisons (Month)
January
July
September
May
March
November
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Table 2-4 – continued.
Multiple Comparisons (Year)
Year 2
Year 1
Year 3
Multiple Comparisons (Hab * Mo)
CTS-JAN
CTS-SEP
SFF-JAN
SFF-MAY
SFF-JUL
CTS-JUL
CTS-MAR
SFF-NOV
CTS-MAY
SFF-SEP
SFF-MAR
BLH-MAR
BLH-SEP
BLH-JUL
BLH-JAN
BLH-MAY
CTS-NOV
BLH-NOV
UPL-MAY
UPL-JUL
UPL-NOV
UPL-SEP
UPL-JAN
UPL-MAR

Mean (%)

S.E.

Letter

13
8
8

2.1
1.3
1.8

A
B
B

Mean (%)

S.E.

Letter

24
24
10
9
9
20
20
8
20
8
7
10
13
10
8
8
5
6
1
1
1
1
<1
<1

8.2
9.9
1.7
1.9
1.8
9.2
7.9
1.7
8.7
2.0
1.3
2.6
6.2
5.3
3.1
3.6
2.6
3.1
0.8
0.6
0.6
0.4
0.2
0.1

A
AB
ABC
ABC
ABC
ABCD
ABCD
ABCD
ABCD
ABCD
ABCD
ABCD
ABCDE
ABCDE
BCDEF
BCDEFG
CDEFG
DEFG
EFG
EFG
FG
G
G
G
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Table 2-4 – continued.
Multiple Comparisons (Hab * Yr)
CTS-2
SFF-2
CTS-1
SFF-3
SFF-1
BLH-2
BLH-1
BLH-3
CTS-3
UPL-3
UPL-2
UPL-1
Multiple Comparisons (Mo * Yr)
MAY-2
JUL-2
SEP-3
MAR-2
JAN-3
JUL-1
SEP-2
MAR-1
MAY-1
JAN-2
JAN-1
NOV-2
NOV-3
JUL-3
MAR-3
SEP-1
NOV-1
MAY-3

Mean (%)

S.E.

Letter

29
9
14
9
8
11
8
8
13
1
1
<1

6.2
1.0
3.7
1.3
1.3
3.5
2.3
2.8
6.3
0.4
0.5
<0.1

A
B
BC
BC
BC
BCD
CD
DE
DEF
EFG
FG
G

Mean (%)

S.E.

Letter

16
16
17
14
16
12
15
11
11
8
7
6
6
2
3
2
2
2

6.3
6.7
6.8
5.6
6.7
4.5
6.2
3.7
3.4
3.2
2.0
2.1
2.5
0.8
1.3
1.2
0.9
1.4

A
A
A
A
A
A
A
AB
ABC
ABCD
ABCD
ABCD
ABCD
BCD
CD
D
D
D
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Table 2-4 – continued.
Mult. Comparisons (Hab*Mo*Yr)
CTS-SEP-3
CTS-MAY-2
CTS-JUL-2
CTS-MAR-2
CTS-SEP-2
CTS-JUL-1
CTS-JAN-2
CTS-MAR-1
CTS-JAN-3
CTS-MAY-1
SFF-SEP-3
CTS-JAN-1
SFF-NOV-3
CTS-NOV-2
SFF-JAN-3
SFF-JUL-2
SFF-JUL-1
SFF-MAY-2
SFF-MAY-1
SFF-JAN-1
SFF-MAR-1
SFF-JAN-2
SFF-MAR-2
SFF-SEP-2
BLH-SEP-2
BLH-JUL-1
SFF-MAY-3
BLH-MAR-2
BLH-MAY-1
BLH-MAY-2
BLH-MAR-1
BLH-JAN-3
SFF-NOV-2
BLH-NOV-3
BLH-JUL-2
SFF-JUL-3
SFF-NOV-1
BLH-SEP-3
BLH-MAR-3

Mean (%)
42
38
38
36
29
23
20
24
38
22
12
13
11
12
12
10
11
9
10
9
9
8
8
10
20
15
8
11
11
13
11
13
8
12
15
5
5
13
8
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S.E.
20.7
20.8
21.8
16.8
18.2
13.1
10.4
10.9
22.5
10.7
0.7
5.2
1.1
5.8
4.6
0.8
4.7
1.0
4.4
2.3
2.7
1.4
0.8
5.0
15.9
10.6
4.6
5.7
5.3
8.9
5.4
8.9
4.0
8.5
12.3
2.0
2.8
11.3
4.2

Letter
A
A
AB
ABC
ABCD
ABCD
ABCDE
ABCDE
ABCDEF
ABCDEF
ABCDEFG
ABCDEFG
ABCDEFGH
ABCDEFGHI
ABCDEFGHI
ABCDEFGHIJ
ABCDEFGHIJK
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKL
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM

Table 2-4 – continued.
Mult. Comp. (Hab*Mo*Yr) – con.
SFF-SEP-1
SFF-MAR-3
BLH-JAN-1
BLH-JAN-2
UPL-MAY-2
CTS-NOV-1
UPL-JUL-2
BLH-NOV-2
BLH-SEP-1
UPL-NOV-3
CTS-SEP-1
BLH-JUL-3
UPL-SEP-3
UPL-MAY-3
UPL-JUL-3
UPL-JAN-3
BLH-NOV-1
CTS-JUL-3
CTS-MAR-3
CTS-MAY-3
CTS-NOV-3
UPL-MAR-2
UPL-MAR-3
UPL-JAN-2
UPL-NOV-2
UPL-SEP-2
UPL-MAY-1
UPL-JUL-1
UPL-MAR-1
UPL-NOV-1
UPL-SEP-1
UPL-JAN-1
BLH-MAY-3

Mean (%)
4
4
4
6
3
1
2
4
5
2
2
0
2
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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S.E.
1.8
1.8
1.8
3.2
2.2
0.4
1.4
2.8
4.1
1.9
1.9
0.4
1.0
0.8
0.8
0.4
0.3
0.0
0.0
0.0
0.0
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0

Letter
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
ABCDEFGHIJKLM
BCDEFGHIJKLM
BCDEFGHIJKLM
CDEFGHIJKLM
CDEFGHIJKLM
DEFGHIJKLM
DEFGHIJKLM
DEFGHIJKLM
DEFGHIJKLM
DEFGHIJKLM
EFGHIJKLM
EFGHIJKLM
FGHIJKLM
GHIJKLM
HIJKLM
HIJKLM
HIJKLM
HIJKLM
IJKLM
JKLM
JKLM
JKLM
KLM
KLM
KLM
KLM
LM
LM
LM
M

Table 2-5. One-way ANOVA results for Disturbance Persistence. Means and standard error (S.E.)
reported without transformation, in months. Multiple comparisons based on Tukey-Kramer HSD,
= 0.05, on transformed data. Levels not connected by the same letter are significantly different.
Disturbance Persistence
R2

N

Habitat

0.33

110

ANOVA

DF

F-Ratio

Prob > F

3

17.3186

<0.0001

Mean (Mo.)

S.E.

Letter

17
4
3
3

2.4
1.2
0.6
0.7

A
B
B
B

Summary of Fit

Habitat
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Upland Pine Flatwoods (UPL)
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Table 2-6. Factorial ANOVA model results for Cumulative Disturbance. Means and standard error
(S.E.) reported without transformation, as number (#) of newly disturbed 1-m cells summed over
three years. Multiple comparisons based on LSM Tukey-Kramer HSD, = 0.05, on transformed
data. Levels not connected by the same letter are significantly different.
Cumulative Disturbance
R2

N

Full Factorial Model

0.99

12

ANOVA

DF

F-Ratio

Prob > F

7

39.2991

0.0016

DF

F-Ratio

Prob > F

3
1
3

71.0845
56.8618
14.7118

0.0006
0.0017
0.0126

Mean (#)

S.E.

Letter

1,433
647
387
57

703
368
42
44

A
A
A
B

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
NW-SE Gradient
Habitat * NW-SE Gradient
Multiple Comparisons (Habitat)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Seepage Floodplain Forest (SFF)
Upland Pine Flatwoods (UPL)
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Table 3-1. Factorial ANOVA model results for Total Vegetation cover. Means and standard error
(S.E.) reported without transformation, as % cover. Multiple comparisons based on LSM TukeyKramer HSD,
= 0.05, on transformed data. Levels not connected by the same letter are
significantly different.
Total Vegetation Cover
R2

N

Full Factorial Model

0.45

71

ANOVA

DF

F-Ratio

Prob > F

7

7.4891

<0.0001

DF

F-Ratio

Prob > F

3
1
3

10.7010
18.4734
0.7550

<0.0001
<0.0001
0.5236

Mean (%)

S.E.

Letter

28
23
21
3

5.8
5.0
5.4
1.1

A
A
A
B

Mean (%)

S.E.

Letter

28
9

4.2
1.7

A
B

Mean (%)
36
5
30
14
43
13
4
1

S.E.
7.9
1.6
8.3
4.4
8.6
3.1
1.9
0.2

Letter
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Upland Pine Flatwoods (UPL)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
UPL, N
UPL, Y

177

Table 3-2. Factorial ANOVA model results for Leaf Litter and Fine Woody Debris cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter
are significantly different.
Leaf Litter & Fine Woody Debris Cover
R2

N

Full Factorial Model

0.46

71

ANOVA

DF

F-Ratio

Prob > F

7

7.8119

<0.0001

DF

F-Ratio

Prob > F

3
1
3

7.2794
29.2795
0.2796

0.0003
<0.0001
0.8399

Mean (%)

S.E.

Letter

78
55
54
44

5.5
5.6
5.7
5.7

A
B
B
B

Mean (%)

S.E.

Letter

71
42

4.2
3.0

A
B

Mean (%)
64
45
69
40
57
30
95
57

S.E.
7.9
7.4
8.0
3.6
8.6
4.1
1.8
5.0

Letter
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Upland Pine Flatwoods (UPL)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Seepage Floodplain Forest (SFF)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
UPL, N
UPL, Y
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Table 3-3. Factorial ANOVA model results for Coarse Woody Debris (CWD) cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter
are significantly different.
Coarse Woody Debris Cover
R2

N

Full Factorial Model

0.11

71

ANOVA

DF

F-Ratio

Prob > F

7

1.0925

0.3789

DF

F-Ratio

Prob > F

3
1
3

0.2831
2.7325
1.3823

0.8374
0.1033
0.2564

Mean (%)

S.E.

Letter

1
<1
1
1

1.0
0.4
1.1
0.4

N/A
N/A
N/A
N/A

Mean (%)

S.E.

Letter

<1
2

0.2
0.8

N/A
N/A

Mean (%)
0
3
1
0
0
3
<1
1

S.E.
0.0
1.8
0.7
0.0
0.0
2.1
0.2
0.9

Letter
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Upland Pine Flatwoods (UPL)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
UPL, N
UPL, Y
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Table 3-4. Contingency analysis for Coarse Woody Debris (CWD) presence or absence within or
adjacent to quadrats with and without recent rooting.
Coarse Woody Debris Presence/Absence
Contingency Table

CWD = Y

CWD = N

%CWD = Y

Recently Rooted = Y
Recently Rooted = N

10
3

24
34

29%
8%

Summary of Fit

DF

R2

N

1

0.08

71

Contingency Analysis

ChiSquare

Prob > ChiSq

Likelihood Ratio Test

5.583

0.0181

Pearson Test

5.376

0.0204

Model

Prob

Fisher’s Exact Test
Left (CWD = Y is greater for Rooted = N)
Right (CWD = Y is greater for Rooted = Y)
2-Tail (CWD = Y differs across Rooted)

0.9964
0.0212
0.0306

180

Table 3-5. Factorial ANOVA model results for Bare Soil and Exposed Root cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter
are significantly different.
Bare Soil & Exposed Root Cover
R2

N

Full Factorial Model

0.98

71

ANOVA

DF

F-Ratio

Prob > F

7

407.5969

<0.0001

DF

F-Ratio

Prob > F

3
1
3

0.7292
2821.133
0.7292

0.5384
<0.0001
0.5384

Mean (%)

S.E.

Letter

24
22
27
18

6.8
5.5
7.1
5.7

N/A
N/A
N/A
N/A

Mean (%)

S.E.

Letter

0
48

0.0
2.8

A
B

Mean (%)
0
47
0
46
0
54
0
42

S.E.
0.0
7.7
0.0
2.6
0.0
5.5
0.0
4.6

Letter
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Upland Pine Flatwoods (UPL)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
UPL, N
UPL, Y
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Table 3-6. Factorial ANOVA model results for Caric Sedge (Carex spp.) cover. Means and standard
error (S.E.) reported without transformation, as % cover. Multiple comparisons based on LSM
Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter are
significantly different.
Caric Sedge Cover (Carex spp.)
R2

N

Full Factorial Model

0.31

54

ANOVA

DF

F-Ratio

Prob > F

5

4.2719

0.0027

DF

F-Ratio

Prob > F

2
1
2

6.2732
5.1900
1.8117

0.0038
0.0272
0.1744

Mean (%)

S.E.

Letter

14
9
1

4.5
3.7
0.4

A
AB
B

Mean (%)

S.E.

Letter

13
3

3.8
1.0

A
B

Mean (%)

S.E.

Letter

25
3
13
4
1
1

7.3
1.2
6.9
2.8
0.6
0.6

N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
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Table 3-7. Factorial ANOVA model results for Giant Cane (Arundinaria gigantea) cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter
are significantly different.
Giant Cane Cover
(Arundinaria gigantea)
R2

N

Full Factorial Model

0.07

54

ANOVA

DF

F-Ratio

Prob > F

5

0.7327

0.6025

DF

F-Ratio

Prob > F

2
1
2

1.1655
0.3946
0.4690

0.3204
0.5329
0.6284

Mean (%)

S.E.

Letter

4
4
0

2.8
4.2
0.0

N/A
N/A
N/A

Mean (%)

S.E.

Letter

5
1

3.3
0.5

N/A
N/A

Mean (%)

S.E.

Letter

6
2
8
0
0
0

5.6
1.4
8.3
0.0
0.0
0.0

N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y
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Table 3-8. Factorial ANOVA model results for Savannah-Panicgrass (Phanopyrum gymnocarpon)
cover. Means and standard error (S.E.) reported without transformation, as % cover. Multiple
comparisons based on LSM Tukey-Kramer HSD,
= 0.05, on transformed data. Levels not
connected by the same letter are significantly different.
Savannah-Panicgrass Cover
(Phanopyrum gymnocarpon)
R2

N

Full Factorial Model

0.35

54

ANOVA

DF

F-Ratio

Prob > F

5

5.2213

0.0007

DF

F-Ratio

Prob > F

3
1
3

13.0462
0.0047
0.0047

<0.0001
0.9454
0.9953

Mean (%)

S.E.

Letter

7
0
0

2.5
0.0
0.0

A
B
B

Mean (%)

S.E.

Letter

2
3

1.3
1.4

N/A
N/A

Mean (%)

S.E.

Letter

7
8
0
0
0
0

3.5
3.8
0.0
0.0
0.0
0.0

N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Seepage Floodplain Forest (SFF)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
CTS, N
CTS, Y
BLH, N
BLH, Y
SFF, N
SFF, Y
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Table 3-9. Factorial ANOVA model results for Coastal Doghobble (Leucothoe axillaris) cover. Means
and standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based
on LSM Tukey-Kramer HSD, = 0.05, on transformed data. Levels not connected by the same letter
are significantly different.
Coastal Doghobble Cover
(Leucothoe axillaris)
R2

N

Full Factorial Model

0.58

54

ANOVA

DF

F-Ratio

Prob > F

5

13.1493

<0.0001

DF

F-Ratio

Prob > F

2
1
2

17.2862
10.3914
10.3914

<0.0001
0.0023
0.0002

Mean (%)

S.E.

Letter

16
0
0

5.6
0.0
0.0

A
B
B

Mean (%)

S.E.

Letter

10
<1

4.0
0.3

A
B

Mean (%)

S.E.

Letter

31
1
0
0
0
0

8.9
0.9
0.0
0.0
0.0
0.0

A
B
B
B
B
B

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
SFF, N
SFF, Y
BLH, N
BLH, Y
CTS, N
CTS, Y
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Table 3-10. Factorial ANOVA model results for Netted Chainfern (Woodwardia areolata) cover.
Means and standard error (S.E.) reported without transformation, as % cover. Multiple
comparisons based on LSM Tukey-Kramer HSD,
= 0.05, on transformed data. Levels not
connected by the same letter are significantly different.
Netted Chainfern Cover
(Woodwardia areolata)
R2

N

Full Factorial Model

0.18

54

ANOVA

DF

F-Ratio

Prob > F

5

2.0433

0.0892

DF

F-Ratio

Prob > F

2
1
2

4.6390
0.3129
0.3129

0.0144
0.5785
0.7328

Mean (%)

S.E.

Letter

5
0
0

3.6
0.0
0.0

A
B
B

Mean (%)

S.E.

Letter

2
1

2.4
0.5

N/A
N/A

Mean (%)

S.E.

Letter

7
3
0
0
0
0

7.2
1.4
0.0
0.0
0.0
0.0

N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Multiple Comparisons (Recent Rooting)
No
Yes
Multiple Comparisons (Hab * Root)
SFF, N
SFF, Y
BLH, N
BLH, Y
CTS, N
CTS, Y
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Table 3-11. Factorial ANOVA model results for Lizard’s Tail (Saururus cernuus) cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.10, on transformed data. Levels not connected by the same letter
are significantly different.
Lizard’s Tail Cover (Saururus cernuus)
R2

N

Full Factorial Model

0.18

54

ANOVA

DF

F-Ratio

Prob > F

5

2.1117

0.0801

DF

F-Ratio

Prob > F

2
1
2

1.9312
2.8333
1.9312

0.1561
0.0988
0.1561

Mean (%)

S.E.

Letter

1
<1
0

0.9
0.1
0.0

N/A
N/A
N/A

Mean (%)

S.E.

Letter

1
0

0.6
0.0

A
B

Mean (%)

S.E.

Letter

3
0
<1
0
0
0

1.7
0.0
0.1
0.0
0.0
0.0

N/A
N/A
N/A
N/A
N/A
N/A

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Multiple Comparisons (Recent Rooting)
Yes
No
Multiple Comparisons (Hab * Root)
SFF, Y
SFF, N
CTS, Y
CTS, N
BLH, N
BLH, Y
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Table 3-12. Factorial ANOVA model results for Sphagnum Moss (Sphagnum sp.) cover. Means and
standard error (S.E.) reported without transformation, as % cover. Multiple comparisons based on
LSM Tukey-Kramer HSD, = 0.05 for Habitat, = 0.10 elsewhere, on transformed data. Levels not
connected by the same letter are significantly different.
Sphagnum Moss Cover (Sphagnum sp.)
R2

N

Full Factorial Model

0.35

54

ANOVA

DF

F-Ratio

Prob > F

5

5.0915

0.0008

DF

F-Ratio

Prob > F

2
1
2

8.4891
2.8265
2.8265

0.0007
0.0992
0.0691

Mean (%)

S.E.

Letter

2
0
0

0.9
0.0
0.0

A
B
B

Mean (%)

S.E.

Letter

1
<1

0.7
0.1

A
B

Mean (%)

S.E.

Letter

4
1
0
0
0
0

1.7
0.4
0.0
0.0
0.0
0.0

A
B
B
B
B
B

Summary of Fit

Full Factorial Model
Effects Tests
Habitat
Recent Rooting
Habitat * Recent Rooting
Multiple Comparisons (Habitat)
Seepage Floodplain Forest (SFF)
Cypress-Tupelo Swamp (CTS)
Mixed Bottomland Hardwoods (BLH)
Multiple Comparisons (Recent Rooting)
Yes
No
Multiple Comparisons (Hab * Root)
SFF, Y
SFF, N
BLH, N
BLH, Y
CTS, N
CTS, Y
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Table 3-13. MANOVA model results for Multivariate Species Composition1 cover values.
Comparisons based on canonical centroid plots and contrast specification at = 0.05. Levels not
connected by the same letter are significantly different. N = 54.
Multivariate Species Composition
MANOVA

DF

F-Ratio

Prob > F

Whole Model (Pillai’s Trace)
Habitat (Pillai’s Trace)
Recent Rooting (F-test)
Habitat * Recent Rooting (Pillai’s Trace)

30
12
6
12

3.5928
6.5152
4.5593
2.4110

<0.0001
<0.0001
0.0012
0.0095

Habitat Comparisons
Mixed Bottomland Hardwoods (BLH)
Cypress-Tupelo Swamp (CTS)
Seepage Floodplain Forest (SFF)
Recent Rooting Comparison
No
Yes
Habitat * Recent Rooting Comparisons
BLH, N
BLH, Y
CTS, N
CTS, Y
SFF, N
SFF, Y

Letter
A
B
C
Letter
A
B
Letter
A
AB
AC2
BC
D
E

1

Comparison of species assemblages based on seven dominant species treated individually in Tables 3-6 to
3-12.

2

BLH, N and CTS, N significantly different at

= 0.10.
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Table 4-1. National Park Service units recently conducting, planning, or contemplating major wild
pig management programs1.

1

NPS Unit

Location

Great Smoky Mountains National Park

Tennessee/North Carolina

Congaree National Park

South Carolina

Cumberland Island National Seashore

Georgia

Canaveral National Seashore

Florida

Virgin Islands National Park

U.S. Virgin Islands

Big Thicket National Preserve

Texas

Pinnacles National Monument

California

Channel Islands National Park

California

Haleakala National Park

Hawaii

Hawaii Volcanoes National Park

Hawaii

Source(s)
NPS 1993, W. Stiver personal
communication
NPS unpublished, Friebel 2007,
this study
NPS 2002, J. Fry personal
communication
J. Stiner personal
communication
NPS 2003a, R. Boulon personal
communication
Chavarria et al. 2007

List is not exhaustive.
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NPS 2003b, McCann and
Garcelon 2008
NPS 1987, Lombardo and
Faulkner 2000
S. Anderson personal
communication
Katahira et al. 1993, S.
Anderson personal
communication

Table 4-2. National Parks with reported wild pig populations in 1981 and 20051.
National Park

Location

Wild Pigs2

Wild Pigs3

1981

2005

•

•

Great Smoky Mountains National Park

Tennessee/North Carolina

Shenandoah National Park

Virginia

Congaree National Park

South Carolina

•

•

Everglades National Park

Florida

•

•

Virgin Islands National Park

U.S. Virgin Islands

•

•

4

•

Big Bend National Park

Texas

•

Channel Islands National Park

California

•

Redwood National Park

California

•

Sequoia-Kings Canyon National Park

California

•

Yosemite National Park

California

•

Olympic National Park

Washington

•

Haleakala National Park

Hawaii

•

•

Hawaii Volcanoes National Park

Hawaii

•

•

6

13

Totals
1

Lists may not be exhaustive.
Source: Singer (1981)
3
Source: Burde and Feldhamer (2005)
4
Possible wild pig population (Burde and Feldhamer 2005).
2
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Appendix B: Figures
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Figure 1-1. Location map of study area, Congaree National Park, South Carolina. Map provided by
Congaree National Park.
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194
Figure 2-1. Congaree National Park forest types (AIS 2000) and plot locations. Habitat types: mixed bottomland hardwoods (BLH) = light gray
(matrix), cypress-tupelo swamp (CTS) = dark gray, seepage floodplain forest (SFF) = medium gray, upland pine flatwoods (UPL) = black.
Plots: BLH = dark gray; CTS = white; SBF = light gray; UPL = medium gray.

Congaree River at Columbia - Monthly Discharge Summary
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Figure 2-2. Congaree River discharge summary for the study period and 1939-2006 historic mean. USGS stream gauge data from
http://waterdata.usgs.gov/sc/nwis/rt.

A. New Disturbance - Mixed Bottomland Hardwoods
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Figure 2-3. New disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo swamp, C. seepage
floodplain forest, and D. upland pine flatwoods.

B. New Disturbance - Cypress-Tupelo Swamp
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Figure 2-3 - continued. New disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.

C. New Disturbance - Seepage Floodplain Forest
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Figure 2-3 - continued. New disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.

D. New Disturbance - Upland Pine Flatwoods
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Figure 2-3 - continued. New disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.

A. Total Disturbance - Mixed Bottomland Hardwoods
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Figure 2-4. Total disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo swamp, C.
seepage floodplain forest, and D. upland pine flatwoods.

B. Total Disturbance - Cypress-Tupelo Swamp
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Figure 2-4 - continued. Total disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.

C. Total Disturbance - Seepage Floodplain Forest
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Figure 2-4 - continued. Total disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.

D. Total Disturbance - Upland Pine Flatwoods
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Figure 2-4 - continued. Total disturbance by habitat type, plot, and sampling period: A. mixed bottomland hardwoods, B. cypress-tupelo
swamp, C. seepage floodplain forest, and D. upland pine flatwoods.
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Figure 2-5. Cumulative disturbance per habitat type and plot for the three year study period; mixed
bottomland hardwoods (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and
upland pine flatwoods (UPL).
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Congaree River at Columbia, SC - Monthly Discharge Summary
January 2000-January 2001
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Figure 3-1. Congaree River discharge summary preceding and during the vegetation sampling period, compared to the 1939-2006 historic
mean. USGS stream gauge data from http://waterdata.usgs.gov/sc/nwis/rt.

A. Ground Cover Categories By Habitat - Quadrats Without Recent Rooting
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Figure 3-2. Ground cover categories by habitat type and recent rooting status: A. quadrats without recent rooting, B. quadrats with recent
rooting; mixed bottomland hardwoods (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and upland pine flatwoods (UPL).

B. Ground Cover Category By Habitat - Quadrats With Recent Rooting
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Figure 3-2 - continued. Ground cover categories by habitat type and recent rooting status: A. quadrats without recent rooting, B. quadrats with
recent rooting; mixed bottomland hardwoods (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and upland pine flatwoods
(UPL).

Species Richness By Habitat Type and Recent Rooting Status
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Figure 3-3. Species richness by habitat type and recent rooting status, and combined by habitat type; mixed bottomland hardwoods (BLH),
cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and upland pine flatwoods (UPL).

K-Dominance Plots for Understory Vegetation
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Figure 3-4. K-dominance (diversity) plots by habitat type and recent rooting status; mixed bottomland hardwoods (BLH), cypress-tupelo
swamp (CTS), seepage floodplain forest (SFF), upland pine flatwoods (UPL); without recent rooting (N), with recent rooting (Y).

A. Dominant Species By Habitat - Quadrats Without Recent Rooting
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Figure 3-5. Species composition (dominant species by cover) by habitat type: A. quadrats without recent rooting, B. quadrats with recent
rooting; mixed bottomland hardwoods (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and upland pine flatwoods (UPL).

B. Dominant Species By Habitat - Quadrats With Recent Rooting
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Figure 3-5 - continued. Species composition (dominant species by cover) by habitat type: A. quadrats without recent rooting, B. quadrats with
recent rooting; mixed bottomland hardwoods (BLH), cypress-tupelo swamp (CTS), seepage floodplain forest (SFF), and upland pine flatwoods
(UPL).

LITERATURE CITED

Ackerman, E. A., M. Bates, S. A. Cain, F. F. Darling, J. M. Fogg, T. Gill, J. M. Gillson,
E. R. Hall, C. L. Hubbs, and W. J. Robbins. 1963. Report by the Advisory Committee
to the National Park Service on Research: The Robbins Report. National Academy of
Sciences, National Research Council, Washington, D.C., USA.
Adams, E. C. L. 1927. Congaree Sketches. The University of North Carolina Press,
Chapel Hill, North Carolina, USA.
Adams, E. C. L., and R. G. O’Meally. 1987. Tales of the Congaree. The University of
North Carolina Press, Chapel Hill, North Carolina, USA.
Aerial Information Systems, Inc. (AIS). 1998. Photo interpretation report. USGS-NPS
Vegetation Mapping Program and Congaree Swamp National Monument, Hopkins,
South Carolina, USA.
Allen, J. A., B. D. Keeland, J. A. Stanturf, A. F. Clewell, and H. E. Kennedy. 2004. A
Guide to Bottomland Hardwood Restoration. USGS BRD Information and
Technology Report 2000-0011 and USDA Forest Service General Technical Report
SRS-40. USGS, Reston, Virginia, USA.
Arrington, D. A., L. A. Toth, and J. W. Koebel. 1999. Effects of rooting by feral hogs Sus
scrofa on the structure of a floodplain vegetation assemblage. Wetlands 19(3): 535544.
Baron, J. 1982. Effects of feral hogs (Sus scrofa) on the vegetation of Horn Island,
Mississippi. American Midland Naturalist 107(1): 202-205.
Barrett R. H., and G. H. Birmingham. 1994. Wild pigs. Pages D65-D70, In: S.E.
Hygnstrom, R.M. Timm, and G.E. Larson, editors. The Handbook: Prevention and
Control of Wildlife Damage. University of Nebraska, Lincoln, Nebraska, USA.
Beausoleil, R. A., M. R. Stratman, D. A. Martorello, and M. R. Pelton. 2005. Strategies
for black bear management in bottomland hardwood forests. Pages 403-412, In: L. H.
Fredrickson, S. L. King, and R. M. Kaminski, editors. Ecology and Management of
Bottomland Hardwood Systems: The State of Our Understanding. Gaylord Memorial
Laboratory Special Publication No. 10, University of Missouri-Columbia, Puxico,
Missouri, USA.

212

Belden, R. C., and M. R. Pelton. 1975. European wild hogs rooting in the mountains of
East Tennessee. Proceedings of the Southeastern Association of Game and Fish
Commissions 29: 665-671.
Belden, R. C., and M. R. Pelton. 1976. Wallows of the European wild hog in the
mountains of East Tennessee. Journal of the Tennessee Academy of Science 51: 9193.
Bennett, S. H., D. Beamer, D. Tufford, and T. Lamb. 2008. Ecology, life history and
molecular phylogeny of selected plethodontid salamanders at Congaree National
Park, preliminary results. Page 19, In: Congaree National Park Research Symposium
2008, Abstracts. Congaree National Park, Hopkins, South Carolina, USA.
Bledsoe, B. P., and T. H. Shear. 2000. Vegetation along hydrologic and edaphic gradients
in a North Carolina coastal plain creek bottom and implications for restoration.
Wetlands 20(1): 126-147.
Bowman, D. M. J. S., and L. McDonough. 1991. Feral pig (Sus Scrofa) rooting in a
monsoon forest-wetland transition, Northern Australia. Wildlife Research 18(6): 761765.
Braccia, A., and D. P. Batzer. 2001. Invertebrates associated with woody debris in a
Southeastern U.S. forested floodplain wetland. Wetlands 21 (1): 18-31.
Bratton, S. P. 1974. The effect of the European wild boar (Sus scrofa) on the highelevation vernal flora in Great Smoky Mountains National Park. Bulletin of the
Torrey Botanical Club 101:198-206.
Bratton, S. P. 1975. The effect of the European wild boar, Sus scrofa, on gray beech
forest in the Great Smoky Mountains. Ecology 56: 1356-1366.
Bratton, S. P., M. E. Harmon, and P. S. White. 1982. Patterns of European wild boar
rooting in the western Great Smoky Mountains. Castanea 47: 230-242.
Brisbin, I. L., M. W. Smith, and M. H. Smith. 1977. Feral swine studies at the Savannah
River Ecology Laboratory: an overview of program goals and design. Pages 71-90,
In: G. W. Wood, editor. Research and Management of Wild Hog Populations,
Proceedings of a Symposium. Belle W. Baruch Forest Science Institute, Clemson
University, Georgetown, South Carolina, USA.
Burde, J. H., and G. A. Feldhamer. 2005. Mammals of the National Parks. The Johns
Hopkins University Press, Baltimore, Maryland, USA.

213

California Department of Fish and Game (CDFG). 1997. Guide to Hunting Wild Pigs in
California. CDFG Wildlife Programs Branch, Sacramento, California, USA.
Cely, J. E. 2001. Cely’s Congaree Swamp National Monument Map, Version 1.1.
Congaree National Park, Hopkins, South Carolina, USA.
Chamberlain M. J., and B. Leopold. 2005. Survival and cause-specific mortality of
hardwood seedlings in the Mississippi Alluvial Valley. Pages 137-141, In: L.H.
Fredrickson, S.L. King, and R.M. Kaminski, editors. Ecology and Management of
Bottomland Hardwood Systems: The State of Our Understanding. Gaylord Memorial
Laboratory Special Publication No. 10, University of Missouri-Columbia, Puxico,
Missouri, USA.
Chavarria, P. M., R. R. Lopez, G. Bowser, and N. J. Silvy. 2007. A landscape-level
survey of feral hog impacts to natural resources of the Big Thicket National Preserve.
Human-Wildlife Conflicts 1(2): 199-204.
Clayton, L. A., V. J. Knight, and E. C. Moore, editors. 1993. The De Soto Chronicles, the
Expedition of Hernando De Soto to North America in 1539-1543, Volumes I and II.
University of Alabama Press, Tuscaloosa, Alabama, USA.
Cohen, A. D., J. Witt, S. Hausmann, and R. Bhattacharya. 2008. Paleoecological research
in the Congaree National Park using pollen and spores, plant fragments, and diatoms.
Page 21, In: Congaree National Park Research Symposium 2008, Abstracts. Congaree
National Park, Hopkins, South Carolina, USA.
Conner, W. H., and M. A. Buford. 1998. Southern deepwater swamps. Chapter 11, In:
M.G. Messina and W. H. Conner, editors. Southern Forested Wetlands: Ecology and
Management. Lewis Publishers, Boca Raton, Florida, USA.
Conner, W. H., and J. W. Day. 1976. Productivity and composition of a baldcypresswater tupelo site and a bottomland hardwood site in a Louisiana swamp. American
Journal of Botany 63(10): 1354-1364.
Conner, W. H., and J. W. Day. 1992. Diameter growth of Taxodium distichum (L.) Rich.
and Nyssa aquatica L. from 1979-1985 in four Louisiana swamp stands. American
Midland Naturalist 127: 290-299.
Conner, W. H., J. G. Gosselink, and R. T. Parrondo. 1981. Comparison of the vegetation
of three Louisiana swamp sites with different flooding regimes. American Journal of
Botany 68(3): 320-331.

214

Conner, W. H., and R. R. Sharitz. 2005. Forest communities of bottomlands. Pages 93120, In: L.H. Fredrickson, S.L. King, and R.M. Kaminski, editors. Ecology and
Management of Bottomland Hardwood Systems: The State of Our Understanding.
Gaylord Memorial Laboratory Special Publication No. 10, University of MissouriColumbia, Puxico, Missouri, USA.
Conner, W. H., J. R. Toliver, and F. H. Sklar. 1986. Natural regeneration of baldcypress
(Taxodium distichum (L.) Rich.) in a Louisiana swamp. Forest Ecology and
Management 14: 305-317.
Cromer, R. B., C. A. Gresham, M. Goddard, J. D. Landham, and H. G. Hanlin. 2007.
Associations between two bottomland hardwood forest shrew species and hurricanegenerated woody debris. Southeastern Naturalist 6(2): 235-246.
Crouch, L. C. 1983. Movements of and habitat utilization by feral hogs at the Savannah
River Plant, South Carolina. Thesis, Clemson University, Clemson, South Carolina,
USA.
Cushman, J. H., T. A. Tierney, and J. M. Hinds. 2004. Variable effects of feral pig
disturbances on native and exotic plants in a California grassland. Ecological
Applications 14(6): 1746-1756.
Demaree, D. 1932. Submerging experiments with Taxodium. Ecology 13: 258-262.
Dennis, W. M. 1973. A synecological study of the Santee Swamp, Sumter County, South
Carolina. Thesis, University of South Carolina, Columbia, South Carolina, USA.
Dennis, W. M., and W. T. Batson. 1974. The floating log and stump communities in the
Santee Swamp of South Carolina. Castanea 39(2): 166-170.
Dodd, C. K., W. J. Barichivich, S. A. Johnson, and J. S. Staiger. 2007. Changes in a
Northwestern Florida Gulf Coast herpetofauna community over a 28-y period. The
American Midlands Naturalist 158: 29-48.
Donlan, C. J., J. Berger, C. E. Bock, J. H. Bock, D. A. Burney, J. A. Estes, D. Foreman,
P. S. Martin, G. W. Roemer, F. A. Smith, M. E. Soule, and H. W. Greene. 2006.
Pleistocene rewilding: an optimistic agenda for twenty-first century conservation. The
American Naturalist 168(5): 660-681.
Donlan, C. J., H. W. Greene, J. Berger, C. E. Bock, J. H. Bock, D. A. Burney, J. A. Estes,
D. Foreman, P. S. Martin, G. W. Roemer, F. A. Smith, and M. E. Soule. 2005. Rewilding North America. Nature 436: 913-914.

215

Donlan, C. J., and P. S. Martin. 2004. Role of ecological history in invasive species
management and conservation. Conservation Biology 18(1): 267-269.
Doyle, T. W. 2008. Tree ring analysis of forest history and response to climate and
flooding. Page 26, In: Congaree National Park Research Symposium 2008, Abstracts.
Congaree National Park, Hopkins, South Carolina, USA.
DuBarry, A. P. 1963. Germination of bottomland tree seed while immersed in water.
Journal of Forestry 61: 225-226.
Effler, R. S., R. A. Goyer, and G. J. Lenhard. 2006. Baldcypress and water tupelo
responses to insect defoliation and nutrient augmentation in Maurepas Swamp,
Louisiana, USA. Forest Ecology and Management 236: 295-304.
Effler, R. S., G. P. Shaffer, S. S. Hoeppner, and R. A. Goyer. 2007. Ecology of the
Maurepas Swamp: effects of salinity, nutrients, and insect defoliation. Chapter 13, In:
W. H. Conner, T. W. Doyle, K. W. Krauss, editors. Ecology of Tidal Freshwater
Forested Wetlands of the Southeastern United States. Springer, Dordrecht,
Netherlands.
Engeman, R. M., H. T. Smith, R. Severson, M. A. Severson, S. Shwiff, B. Constantin,
and D. Griffin. 2004. The amount and economic cost of feral swine damage to the last
remnant of a basin marsh system in Florida. Journal for Nature Conservation 12: 143147.
Engeman, R. M., H. T. Smith, S. Shwiff, B. Constantin, J. Woolard, M. Nelson, and D.
Griffin. 2003. Prevalence and economic value of feral swine damage to native habitat
in three Florida state parks. Environmental Conservation 30(4): 319-324.
Engeman, R. M., A. Stevens, J. Allen, J. Dunlap, M. Daniel, D. Teague, and B.
Constantin. 2007. Feral swine management for conservation of an imperiled wetland
habitat: Florida’s vanishing seepage slopes. Biological Conservation 134: 440-446.
Ewel, K. C. 1990. Swamps. Chapter 9, In: R. L. Myers and J. J. Ewel, editors.
Ecosystems of Florida. University of Central Florida Press, Orlando, Florida, USA.
Flinchum, D. M. 1977. Lesser vegetation as indicators of varying moisture regimes in
bottomland and swamp forests of northeastern North Carolina. Dissertation, North
Carolina State University, Raleigh, North Carolina, USA.
Foreman, D. 2004. Rewilding North America: A Vision for Conservation in the 21st
Century. Island Press, Washington, D.C., USA.

216

Friebel, B. A. 2007. Home range and habitat use of feral hogs (Sus scrofa) in Congaree
National Park. Thesis, Clemson University, Clemson, South Carolina, USA.
Gaddy, L. L. 1977. Notes on the flora of the Congaree River floodplain, Richland
County, South Carolina. Castanea 42(2): 103-106.
Gaddy, L. L., and K. Brooks. 2000. Summary report on the results of an accuracy
assessment of the National Park Service’s provisional vegetation map of Congaree
Swamp National Monument. USGS-NPS Vegetation Mapping Program, Congaree
Swamp National Monument, Hopkins, South Carolina, USA.
Gaddy, L. L., J. B. Nelson, and A. B. Pittman. 2000. Endangered, threatened, and rare
plants of Congaree Swamp National Monument, Richland County, South Carolina.
Congaree Swamp National Monument, Hopkins, South Carolina, USA.
Gaines, K. F., D. E. Porter, T. Punshon, and I. L. Brisbin. 2005. A spatially explicit
model of the wild hog for ecological risk assessment activities at the Department of
Energy’s Savannah River Site. Human and Ecological Risk Assessment 11: 567-589.
Gerritsen, J., and H. S. Greening. 1989. Marsh seed banks of the Okefenokee Swamp:
effects of hydrologic regime and nutrients. Ecology 70(3): 750-763.
Gilliam, F. S., and W. J. Platt. 2006. Conservation and restoration of the Pinus palustris
ecosystem. Applied Vegetation Science 9: 7-10.
Glitzenstein, J. S., D. Hardin, D. B. Means, K. W. Outcalt, J. Walker, and N. Wilkins.
1993. Panel discussion, silviculture effects on groundcover plant communities in
longleaf pine forests. Pages 357-370, In: S. M. Hermann, editor. The Longleaf Pine
Ecosystem: Ecology, Restoration, and Management. Proceedings of the 18th Tall
Timbers Fire Ecology Conference, Tall Timbers Research, Inc., Tallahassee, Florida,
USA.
Godfrey, R. K., and J. W. Wooten. 1979. Aquatic and Wetland Plants of the Southeastern
United States, Monocotyledons. The University of Georgia Press, Athens, Georgia,
USA.
Godfrey, R. K., and J. W. Wooten. 1981. Aquatic and Wetland Plants of the Southeastern
United States, Dicotyledons. The University of Georgia Press, Athens, Georgia, USA.
Graves, H. B. 1984. Behavior and ecology of wild and feral swine (Sus scrofa). Journal
of Animal Science 58(2): 482-492.

217

Greening, H. S., and J. Gerritsen. 1987. Changes in macrophyte community structure
following drought in the Okefenokee Swamp, Georgia, USA. Aquatic Botany 28(2):
113-128.
Grell, A. G., M. G. Shelton, and E. Heitzman. 2005. Changes in plant species
composition along an elevation gradient in an old-growth bottomland hardwoodPinus taeda forest in southern Arkansas. Journal of the Torrey Botanical Society
132(1): 72-89.
Grinde, A. R., and R. A. Sweitzer. 2007. Are introduced wild pigs ecologically
equivalent to the extinct California grizzly bear? In: 2007 Proceedings of The
Wildlife Society Western Section Meeting.
Hanson, R. P., and L. Karstad. 1959. Feral swine in the Southeastern United States.
Journal of Wildlife Management 23(1): 64-74.
Hedman, C. W., S. L. Grace, and S. E. King. 2000. Vegetation composition and structure
of southern coastal plain pine forests: an ecological comparison. Forest Ecology and
Management 134: 233-247.
Heitmeyer, M. E., R. J. Cooper, J. G. Dickson, and B. D. Leopold. 2005. Ecological
relationships of warmblooded vertebrates in bottomland hardwood ecosystems. Pages
281-306, In: L.H. Fredrickson, S.L. King, and R.M. Kaminski, editors. Ecology and
Management of Bottomland Hardwood Systems: The State of Our Understanding.
Gaylord Memorial Laboratory Special Publication No. 10, University of MissouriColumbia, Puxico, Missouri, USA.
Henry, V. G., and R. H. Conley. 1972. Fall foods of European wild hogs in the southern
Appalachians. Journal of Wildlife Management 36(3): 854-860.
Hermann, S. M., editor. 1993. The Longleaf Pine Ecosystem: Ecology, Restoration, and
Management. Proceedings of the 18th Tall Timbers Fire Ecology Conference. Tall
Timbers Research, Inc., Tallahassee, Florida, USA.
Hinkelman, T. M., and S. C. Loeb. 2007. Effect of woody debris abundance on daytime
refuge use by cotton mice. Southeastern Naturalist 6(3): 393-406.
Houston, D. B., and E. G. Schreiner. 1995. Alien species in national parks: drawing lines
in space and time. Conservation Biology 9(1): 204-209.
Howe, T. D., and S. P. Bratton. 1976. Winter rooting activity of the European wild boar
in the Great Smoky Mountains National Park. Castanea 41: 256-264.

218

Howe, T. D., F. J. Singer, and B. B. Ackerman. 1981. Forage relationships of European
wild boar invading northern hardwood forest. Journal of Wildlife Management 45(3):
748-754.
Hughes, T. W. 1985. Home range, habitat utilization, and pig survival of feral swine on
the Savannah River Plant. Thesis, Clemson University, Clemson, South Carolina,
USA.
Jones, J. C., and J. D. Taylor. 2005. Herpetofauna communities in temperate river
floodplain ecosystems. Pages 235-257, In: L.H. Fredrickson, S.L. King, and R.M.
Kaminski, editors. Ecology and Management of Bottomland Hardwood Systems: The
State of Our Understanding. Gaylord Memorial Laboratory Special Publication No.
10, University of Missouri-Columbia, Puxico, Missouri, USA.
Jones, R. H. 1997. Status and habitat of big trees in Congaree Swamp National
Monument. Castanea 62(1): 22-31.
Jones, R. H., R. R. Sharitz, P. M. Dixon, D. S. Segal, and R. L. Schneider. 1994. Woody
plant regeneration in four floodplain forests. Ecological Monographs 64(3): 345-367.
Jose, S., E. J. Jokela, and D. L. Miller, editors. 2006. The Longleaf Pine Ecosystem:
Ecology, Silviculture, and Restoration. Springer, New York, USA.
Junk, W. J., P. B. Bayley, and R. E. Sparks. 1989. The flood pulse concept in riverfloodplain systems. Canadian Special Publication of Fisheries and Aquatic Sciences
106: 110-127 (D. P. Dodge, editor, Proceedings of the International Large River
Symposium).
Kadlec, J. A. 1962. Effects of a drawdown on a waterfowl impoundment. Ecology 43(2):
267-281.
Kaller, M. D., J. D. Hudson, E. C. Achberger, and W. E. Kelso. 2007. Feral hog research
in western Louisiana: expanding populations and unforeseen consequences. HumanWildlife Conflicts 1(2): 168-177.
Kaller, M. D., and W. E. Kelso. 2003. Effects of feral swine on water quality in a coastal
bottomland stream. Proceedings of the Southeastern Association of Fish and Wildlife
Agencies 57: 291-298.
Kaller, M. D., and W. E. Kelso. 2006. Swine activity alters invertebrate and microbial
communities in a coastal plain watershed. American Midlands Naturalist 156: 163177.

219

Katahira, L. K., P. Finnegan, and C. P. Stone. 1993. Eradicating feral pigs in montane
mesic habitat at Hawaii Volcanoes National Park. Wildlife Society Bulletin 21: 269274.
Keeland, B. D., and W. H. Conner. 1999. Natural regeneration and growth of Taxodium
distichum (L.) Rich. in Lake Chicot, Louisiana after 44 years of flooding. Wetlands
19: 149-155.
Kellison, R. C., M. J. Young, R. R. Braham, and E. J. Jones. 1998. Major alluvial
floodplains. Chapter 12, In: M.G. Messina and W. H. Conner, editors. Southern
Forested Wetlands: Ecology and Management. Lewis Publishers, Boca Raton,
Florida, USA.
Kirkman, L. K., and R. R. Sharitz. 1994. Vegetation and maintenance of diversity in
intermittingly flooded Carolina bays in South Carolina. Ecological Applications 4(1):
177-188.
Knowles, D. B., M. M. Brinson, R. A. Clark, and M. D. Flora. 1996. Water Resources
Management Plan for Congaree Swamp National Monument. Congaree Swamp
National Monument, Hopkins, South Carolina, USA.
Kotanen, P. M. 1995. Responses of vegetation to a changing regime of disturbance:
effects of feral pigs in a California coastal prairie. Ecography 18(2): 190-199.
Kurten, B. and E. Anderson. 1980. Pleistocene Mammals of North America. Columbia
University Press, New York, USA.
Kurz, J. C. 1971. A study of feral hog movements and ecology on the Savannah River
Plant, South Carolina. Thesis, University of Georgia, Athens, Georgia, USA.
Kurz, J. C., and R. L. Marchinton. 1972. Radiotelemetry studies of feral hogs in South
Carolina. Journal of Wildlife Management 36(4):1240-1249.
Lacki, M. J., and R. A. Lancia. 1983. Changes in soil properties of forests rooted by wild
boar. Proceedings of the Annual Conference of the Southeastern Association of Fish
and Wildlife Agencies 37: 228-236.
Lacki, M. J., and R. A. Lancia. 1986. Effects of wild pigs on beech growth in Great
Smoky Mountains National Park. Journal of Wildlife Management 50(4): 655-659.
LeBlond, R. J., and B. A. Sorrie. 2002. Macbridea caroliniana status survey. U.S. Fish
and Wildlife Service, Endangered Species Field Office, Asheville, North Carolina,
USA.

220

Leopold, A. S., S. A. Cain, C. M. Cottam, I. N. Gabrielson, and T. L. Kimball. 1963.
Wildlife Management in the National Parks: The Leopold Report. Advisory Board on
Wildlife Management, Report to S. Udall, Secretary of the Interior, Washington,
D.C., USA.
Lipscomb, D. J. 1989. Impacts of feral hogs on longleaf pine regeneration. Southern
Journal of Applied Forestry 13(4): 177-181.
Lombardo, C. A., and K. R. Faulkner. 2000. Eradication of feral pigs (Sus scrofa) from
Santa Rosa Island, Channel Islands National Park, California. Pages 300-306, In: D.
R. Browne, K. L. Mitchell, and H. W. Chaney, editors. Proceedings of the 5th
California Islands Symposium. U.S. Department of Interior, Minerals Management
Services Pacific Outer Continental Shelf Region, Washington, D.C., USA.
Lundelius, E. 1960. Mylohyus nasutus – Long-nosed Peccary of the Texas Pleistocene.
Texas Memorial Museum, Austin, Texas, USA.
Maehr, D. S., R. C. Belden, E. D. Land, and L. Wilkins. 1990. Food habitats of panthers
in southwest Florida. Journal of Wildlife Management 54(3): 420-423.
Maliszewski, L. M. 2005. Assessment of contaminant sources and pathways affecting the
Congaree National Park, South Carolina. Thesis, University of South Carolina,
Columbia, South Carolina, USA.
Martin, P. S. 2005. Twilight of the Mammoths: Ice Age Extinctions and the Rewilding of
America. University of California Press, Berkeley, California, USA.
Mayer, J. J., and I. L. Brisbin. 1991. Wild Pigs in the United States, Their History,
Comparative Morphology, and Current Status. The University of Georgia Press,
Athens, Georgia, USA.
Mayer, J. J., F. D. Martin, and I. L. Brisbin. 2002. Characteristics of wild pig farrowing
nests and beds in the upper Coastal Plain of South Carolina. Applied Animal
Behaviour Science 78: 1-17.
Mayer, J. J., E. A. Nelson, and L. D. Wike. 2000. Selective depredation of planted
hardwood seedlings by wild pigs in a wetland restoration area. Ecological
Engineering 15: S79-S85.
McCann, B. E., and D. K. Garcelon. 2008. Eradication of feral pigs from Pinnacles
National Monument. Journal of Wildlife Management 72(6): 1287-1295.

221

McMinn, J. W., and D. A. Crossley, editors. 1996. Biodiversity and Coarse Woody
Debris in Southern Forests. Proceedings of the Workshop on Coarse Woody Debris in
Southern Forests: Effects on Biodiversity. General Technical Report SE-94, U.S.
Department of Agriculture, Forest Service, Southern Research Station, Asheville,
North Carolina, USA.
Means, D. B. 2006. Vertebrate faunal diversity of longleaf pine ecosystems. Chapter 6,
In: Jose, S., E. J. Jokela, and D. L. Miller, editors. The Longleaf Pine Ecosystem:
Ecology, Silviculture, and Restoration. Springer, New York, USA.
Means, D. B., and J. Travis. 2007. Declines in ravine-inhabiting dusky salamanders of the
southeastern US coastal plain. Southeastern Naturalist 6(1): 83-96.
Miller, K. V., and R. L. Marchinton. 1995. Quality Whitetails: the Why and How of
Quality Deer Management. Stackpole Books, Mechanicsburg, Pennsylvania, USA.
Mitsch, W. J., and J. G. Gosselink. 2000. Wetlands. John Wiley and Sons, New York,
USA.
Mize, R., R. E. Evans, B. R. MacRoberts, M. H. MacRoberts, and D. C. Rudolph. 2005.
Restoration of pitcher plant bogs in Eastern Texas, USA. Natural Areas Journal 25(2):
197-201.
Mowat, G., and C. Strobek. 2000. Estimating population size of grizzly bears using hair
capture, DNA profiling, and mark and recapture analysis. Journal of Wildlife
Management 64(1): 183-193.
National Park Service (NPS). 1987. Final Draft Santa Rosa Island Feral Pig Removal
Plan. Channel Islands National Park, Ventura, California, USA.
National Park Service (NPS). 1988a. General Management Plan for Congaree Swamp
National Monument, South Carolina. Congaree Swamp National Monument,
Hopkins, South Carolina, USA.
National Park Service (NPS). 1988b. Management Policies. National Park Service,
Washington, D.C., USA.
National Park Service (NPS). 1991a. General Management Plan and Final Environmental
Impact Statement, Volume 1, Big Cypress National Preserve, Collier, Monroe, and
Dade Counties, Florida. Big Cypress National Preserve, Ochopee, Florida, USA.
National Park Service (NPS). 1991b. Natural Resource Management Guidelines NPS-77.
U.S. Government Printing Office, Washington, D.C., USA.

222

National Park Service (NPS). 1993. Wild Hog Management Guideline, Great Smoky
Mountains National Park. Great Smoky Mountains National Park, Gatlinburg,
Tennessee, USA.
National Park Service (NPS). 2002. Environmental Assessment of the Management
Alternatives, Feral Hog Population Control, Cumberland Island National Seashore.
Cumberland Island National Seashore, St. Marys, Georgia, USA.
National Park Service (NPS). 2003a. Final Environmental Assessment: Sustained
Reduction Plan for Non-native Wild Hogs within Virgin Islands National Park.
Virgin Islands National Park, St. John, U.S. Virgin Islands.
National Park Service (NPS). 2003b. Environmental Assessment: Pinnacles National
Monument Feral Pig Management Plan. Pinnacles National Monument, Paicines,
California, USA.
National Park Service (NPS). Unpublished. Preliminary Draft Environmental
Assessment: Management Plan for Non-native Wild Hogs within Congaree Swamp
National Monument. Congaree Swamp National Monument, Hopkins, South
Carolina, USA.
Nix, L. E., and J. E. Barry. 1992. Investigation of the impacts of clearcutting, feral hogs,
and white-tailed deer on the native vegetative resources of the Congaree Swamp
National Monument. Clemson University, Clemson, South Carolina, USA.
Platt, H. M., K. M. Shaw, and P. J. D. Lambshead. 1984. Nematode species abundance
patterns and their use in the detection of environmental perturbations. Hydrobiologia
118: 59-66.
Porter W. F., and H. B. Underwood. 1999. Of elephants and blind men: deer management
in the U.S. national parks. Ecological Applications 9(1): 3-9.
Putz, F. E., and R. R. Sharitz. 1991. Hurricane damage to an old-growth forest in
Congaree Swamp National Monument, South Carolina, U.S.A. Canadian Journal of
Forest Research 21(12): 1765-1770.
Radford, A. E., H. E. Ahles, and C. R. Bell. 1968. Manual of the Vascular Flora of the
Carolinas. The University of North Carolina Press, Chapel Hill, North Carolina, USA.
Rezendes, P. 1999. Tracking and the Art of Seeing: How to Read Animal Tracks and
Sign. Firefly Books, Richmond Hill, Ontario, Canada.
Schneider, R. L., and R. R. Sharitz. 1986. Seed bank dynamics in a southeastern riverine
swamp. American Journal of Botany 73 (7): 1022-1030.

223

Simberloff, D., D. C. Schmitz, and T. C. Brown, editors. 1997. Strangers in Paradise,
Impact and Management of Nonindigenous Species in Florida. Island Press,
Washington, D.C., USA.
Singer, F. J. 1981. Wild pig populations in the National Parks. Environmental
Management 5(3): 263-270.
Singer, F. J., D. K. Otto, A. R. Tipton, and C. P. Hable. 1981. Home ranges, movements,
and habitat use of European wild boar in Tennessee. Journal of Wildlife Management
45(2): 343-353.
Singer, F. J., W. T. Swank, and E. C. Clebsch. 1984. Effects of wild pig rooting in a
deciduous forest. Journal of Wildlife Management 48 (2): 464-473.
Souther-Effler, R. F. 2004. Interactions of herbivory and multiple abiotic stress agents on
two wetland tree species in southeast Louisiana. Dissertation, Louisiana State
University, Baton Rouge, Louisiana, USA.
Sweeney, J. M. 1970. Preliminary investigations of a feral hog population on the
Savannah River Plant, South Carolina. Thesis, University of Georgia, Athens,
Georgia, USA.
Sweitzer. R. A., and D. H. Van Vuren. 2002. Rooting and foraging effects of wild pigs on
tree regeneration and acorn survival in California'
s oak woodland ecosystems. Pages
218-231, In: Proceedings of the 5th Symposium on Oak Woodlands: Oaks in
California'
s Changing Landscape. General Technical Report PSW-GTR-184, USDA
Forest Service, Pacific Southwest Research Station, Albany, California, USA.
Tabachnick, B. G., and L. S. Fidell. 1989. Using Multivariate Statistics. HarperCollins
Publishers, New York, USA.
The Nature Conservancy (TNC). 2000. Classification of the vegetation of Congaree
Swamp National Monument. USGS-NPS Vegetation Mapping Program, Congaree
Swamp National Monument, Hopkins, South Carolina, USA.
Thompson, A. J. 1998. An ecological inventory and classification of an old-growth
floodplain forest in the southeastern United States coastal plain. Thesis, University of
Georgia, Athens, Georgia, USA.
Tobe, J. D., K. C. Burks, R. W. Cantrell, M. A. Garland, M. E. Sweeley, D. W. Hall, P.
Wallace, G. Anglin, G. Nelson, J. R. Cooper, D. Bickner, K. Gilbert, N. Aymond, K.
Greenwood, and N. Raymond. 1998. Florida Wetland Plants: an Identification
Manual. Florida Department of Environmental Protection, Tallahassee, Florida, USA.

224

U.S. Department of Agriculture Forest Service (USFS). 2001. 2000 Forest Insect and
Disease Conditions for the Southern Region. USDA Forest Service, Forest Health
Protection, Region 8, Atlanta, Georgia, USA.
Van Lear, D. H., W. D. Carroll, P. R. Kapeluck, and R. Johnson. 2005. History and
restoration of the longleaf pine-grassland ecosystem: implications for species at risk.
Forest Ecology and Management 211: 150-165.
Wagner, F. H., J. L. Sax, R. Foresta, and R. B. Gill. 1995. Wildlife Policies in the U.S.
National Parks. Island Press, Washington, D.C., USA.
Waits, L. P., and D. Paetkau. 2005. Noninvasive genetic sampling tools for wildlife
biologists: a review of applications and recommendations for accurate data collection.
Journal of Wildlife Management 69(4): 1419-1433.
Walker, J. L., and A. M. Silletti. 2006. Restoring the ground layer of longleaf pine
ecosystems. Chapter 10, In: Jose, S., E. J. Jokela, and D. L. Miller, editors. The
Longleaf Pine Ecosystem: Ecology, Silviculture, and Restoration. Springer, New
York, USA.
Walker, S., J. B. Steel, G. L. Rapson, S. H. Roxburgh, W. M. King, A. J. Watkins, T. E.
Myers, J. A. Keogh, A. M. McQueen, and J. B. Wilson. 2001. A Chionochloa /
Sphagnum / cushion valley bog in East Otago, New Zealand. New Zealand Journal of
Ecology 25(1): 39-52.
Warren, R. J., and C. R. Ford. 1997. Diets, nutrition, and reproduction of feral hogs on
Cumberland Island, Georgia. Proceedings of the Annual Conference of the
Southeastern Association of Fish and Wildlife Agencies 51: 285-296.
Weeks, K. M. In preparation. Population ecology of the floodplain herb Macbridea
caroliniana (Lamiaceae) with investigations on the species’ genetic diversity,
breeding system and habitat. Dissertation, Clemson University, Clemson, South
Carolina, USA.
Welander, J. 1995. Are wild boars a future threat to the Swedish flora? Ibex Journal of
Mountain Ecology 3: 165-167.
Wharton, C. H., W. M. Kitchens, E. C. Pendleton, and T. W. Sipe. 1982. The ecology of
bottomland hardwood swamps of the Southeast: a community profile. FWS/OBS81/37, U.S. Fish and Wildlife Service, Biological Services Program, Washington,
D.C., USA.
Whitaker, J. O. 1996. National Audubon Society Field Guide to North American
Mammals. Alfred A. Knopf, New York, USA.

225

Williams, B. K., R. C. Szaro, and C. D. Shapiro. 2007. Adaptive Management: The U.S.
Department of the Interior Technical Guide. Adaptive Management Working Group,
U.S. Department of the Interior, Washington, D.C., USA.
Williams, J. D., M. L. Warren, K. S. Cummings, J. L. Harris, and R. J. Neves. 1993.
Conservation status of freshwater mussels of the United States and Canada. Fisheries
18(9): 6-22.
Williams, J. D., and A. J. Benson. 2004. Freshwater mussels (Family Unionidae) of the
Congaree Swamp National Park. U.S. Geological Survey, Biological Resources
Division, Florida Integrated Science Center, Gainesville, Florida, USA.
Winchester, B. H., J. S. Bays, J. C. Higman, and R. L. Knight. 1985. Physiography and
vegetation zonation of shallow emergent marshes in southwestern Florida. Wetlands
5: 99-118.
Wood, G. W., and R. H. Barrett. 1979. Status of wild pigs in the United States. Wildlife
Society Bulletin 7(4): 237-246.
Wood, G. W., and R. E. Brenneman. 1977. Research and management of feral hogs on
Hobcaw Barony. Pages 23-36, In: G.W. Wood, editor. Research and Management of
Wild Hog Populations, Proceedings of a Symposium. Belle W. Baruch Forest Science
Institute, Clemson University, Georgetown, South Carolina, USA.
Wood, G. W., and R. E. Brenneman. 1980. Feral hog movements and habitat use in
coastal South Carolina. Journal of Wildlife Management 44(2): 420-427.
Wood, G. W., J. B. Hendricks, and D. E. Goodman. 1976. Brucellosis in feral swine.
Journal of Wildlife Diseases 12(4): 579-582.
Wood, G. W., E. E. Johnson, and R. E. Brenneman. 1977. Observations on the use of
succinylcholine chloride to immobilize feral hogs. Journal of Wildlife Management
41(4): 798-800.
Wood, G. W., and D. N. Roark. 1980. Food habits of feral hogs in coastal South
Carolina. Journal of Wildlife Management 44(2): 506-511.
Wright, G. M., J. S. Dixon, and B. H. Thompson. 1933. Fauna of the National Parks of
the United States: a Preliminary Survey of Faunal Relations in National Parks. U.S.
Government Printing Office, Washington, D.C., USA.
Wright, R. G. 1992. Wildlife Research and Management in the National Parks.
University of Illinois Press, Champaign, Illinois, USA.

226

Wright, R. G. 1999. Wildlife management in the national parks: questions in search of
answers. Ecological Applications 9(1): 30-36.
Zengel, S. A., and W. H. Conner. 2008. Could wild pigs affect water quality and aquatic
biota in floodplain and stream habitats at Congaree National Park, South Carolina. In:
G. Eidson and C.B. Sawyer, editors. Proceedings of the 2008 South Carolina Water
Resources Conference, Clemson University Restoration Institute, Center for
Watershed Excellence, Charleston, South Carolina, USA.

227

